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Remarks 

Rejections under 35 U.S.C. §112, second paragraph: 

In the Examiner's Answer mailed May 31, 2007, the examiner states that "[i]t is 
unclear the expression [sic] 'without . . . fluid' is applied to the passing step or the flow in 
the reactor." 

In response, appellants would like to re-emphasize the arguments presented in the 
Appeal Brief filed February 23, 2007, to the effect that the phrase "passing the generated 
reaction fluid, without substantial change in the degree of the dispersion of said reaction 
fluid, through a reactor" 1 has a clear and precise meaning that is readily discernible to one 
of ordinary skill in the art, especially when read in light of the present specification. 
Moreover, appellants have clearly asserted that the claim requires there to be 
substantially no change in the degree of dispersion both in the feed line and through the 
reactor. Accordingly, Appellants assert that instant claims 1 1 - 16, are definite and 
respectfully request reversal of the instant rejection under 35 U.S.C. §112. 

Rejections under 35 U.S.C. §103: 

Claims 11-16 stand rejected under 35 U.S.C. §103 (a) over Arganbright et al. 
(USPN 4,950,834), however, the Examiner has not set forth a prima facie case of 
obviousness with regard to the invention of claim 1 1 as a whole, because claim 1 1 
requires at least the following: 

I. A process for carrying out a reaction under isothermal conditions 

Arganbright et al. do not teach a process for carrying out a reaction under 
isothermal conditions. To the contrary, Arganbright et al. teach that 

the temperature along the column will be as in any 
distillation column, the highest temperature will be in the 
bottom and the temperature along the column will be the 



1 Claim 11. 
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boiling point of the composition at that point in the column 
under the particular conditions of pressure. 2 

Since, Arganbright et al. do not teach a process for carrying out a reaction under 
isothermal conditions, and the examiner has provided no apparent reason to modify the 
reference in this regard, the present rejection is in error and should be reversed. 

II. Generating a Reaction Fluid and Passing the Generated Reaction Fluid through a 
Reactor 

Claim 1 1 requires the step of "generating a reaction fluid by dispersing the gas 
phase containing the at least one gaseous reactant in the liquid phase, containing the at 
least one liquid reactant and producing a reaction thereby." The claim as a whole makes 
clear that this generation step is not performed inside the reactor, because the generated 
reaction fluid is subsequently passed through a reactor. As argued in the Appeal Brief 
filed February 23, 2007, Arganbright et al. not only fails to teach or suggest this claim 
limitation. The examiner has failed to point to any teaching, suggestion or motivation for 
a person of ordinary skill in the art to modify the reference to arrive at a process which 
includes the step of generating a reaction fluid and subsequently passing the generated 
reaction fluid through a reactor. 

III. Passing the Generated Reaction Fluid through a Reactor without substantial change 
in the degree of dispersion of the reaction fluid 

Claim 1 1 requires the step of "passing the generated reaction fluid, without 
substantial change in the degree of the dispersion of said reaction fluid, through a 
reactor." 3 The Arganbright et al. reference provides no apparent reason to avoid 
substantial change in the degree of dispersion of a reaction fluid as it passes through a 
reactor. The examiner has not attempted to point to such an apparent reason, but instead 
merely states that the claimed reactor "is indistinguishable from the one used in the 



2 Column 8, indicated lines 34 - 39 of US 4,950,834. 

3 Claim 11. 
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Arganbright process." 4 

On the one hand, the examiner argues that propylene "must be dispersed" into any 
down-flowing benzene stream, and that therefore some sort of pseudo-reaction fluid is 
generated in the Arganbright et al. reactor. On the other hand, the examiner argues that 
this pseudo-reaction fluid passes through the reactor without substantial change in the 
degree of the dispersion. Unless the examiner also takes the position that the pseudo- 
reaction fluid is generated instantaneously, both arguments cannot be true. Assuming for 
the sake of argument that propylene is dispersed into a down-flowing benzene stream, a 
skilled artisan would not expect such dispersion to occur instantaneously, but would 
expect the propylene to be dispersed gradually, if at all. If the dispersion occurs 
gradually, it is clear that the degree of dispersion changes through the reactor, and that 
the Arganbright et al. reference does not teach "passing the generated reaction fluid, 
without substantial change in the degree of the dispersion of said reaction fluid, through a 
reactor." 

IV- Reactor Space Equipped with Woven or Knitted Metal Fabrics Coated with Catalyst 

Arganbright et al.'s disclosure of enclosing catalytic particles in a container such 
as a cloth, screen wire or polymeric mesh in no way teaches or suggests the utilization of 
a woven or knitted metal fabric coated with a catalyst. The examiner's assertion that 
"[c]learly sieves must be on the knitted wire (coated)," 5 is precisely the opposite of what 
Arganbright et al. disclosed, i.e. that catalytic particles are enclosed in a container such as 
a cloth, screen wire or polymeric mesh. 

In the Examiner's Answer mailed May 3 1, 2007, the examiner states that the 
reference "discloses . . . how the catalyst is loaded in the reactor[,]" 6 and then somehow 
concludes that "it is clear that the Arganbright reactor is equipped with metal meshes 
coated with catalysts." To the contrary, it should be clear that the molecular sieves, 
"three-dimensional alumina-silicates of the zeolite mineral group," 7 of Arganbright et al, 

4 Page 6, lines 20 - 21 of the Examiner's Answer. 

5 Page 3, lines 1 - 3 of the Advisory Action dated October 27, 2006 (emphasis added). 

6 Page 7, lines 2 - 4 of the Examiner's Answer. 

7 Column 3, indicated lines 65 - 66 of US 4,950,834. 
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in no way obviate a coating of a woven or knitted metal fabric. 

V. Transferring Heat 

Claim 1 1 requires the step of "transferring the heat through the reactor to a 
cooling fluid medium on the reaction wall surface facing away the reactor space." 8 As 
discussed in the Appeal Brief, filed February 23, 2007, the examiner's contention that an 
air conditioned room would be sufficient to control reactor temperature is wholly 
contrary to the teachings of Arganbright et al., who teach controlling temperature by 
modifying pressure. Moreover, the Examiner's contention that an air conditioned room 
would be sufficient to control reactor temperature is tenuous at best, wholly speculative 
and completely unreasonable absent objective evidence illustrating the same. 

VI. Separating the Reaction Fluid into Gas and Liquid phases 

Claim 1 1 requires the step of "separating the reaction fluid into gas phase and 
liquid-phase." As discussed in the Appeal Brief, filed February 23, 2007, in the 
Arganbright et al. process "the initial reaction product is removed from the reaction zone 
as quickly as it is formed," 9 flowing to the bottom of the distillation column and exiting 
via line 8, and 

[t]he feed of propylene is adjusted such that there is a molar 
excess of benzene in the reactor, such that the overhead 5 is 
primarily benzene, the propylene having been almost 
totally reacted. In addition to benzene and some propylene 
other lights go off overhead. The overhead is passed to 
condenser 13 which is operated to condense substantially 
all of the benzene .... 10 

Thus, contrary to the examiner's statement that the claimed step "must be recognized 
when on[e] having ordinary skill in the art see [sic] figure 1 in which unreacted materials 
as a gas go out [sic] the reactor via stream 5 and cumene as a liquid flow down stream 

8 Claim 11. 

9 Column 3, lines 24 - 25 of Arganbright et al. (US 4,950,834). 

10 Column 7, lines 37 - 44 of Arganbright et al. (US 4,950,834) (emphasis in original). 
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8[,]" n Arganbright et al. never disclose "separating [a] reaction fluid into gas phase and 
liquid-phase." 12 

In Conclusion : 

The examiner has failed to establish a prima facie case of obviousness. For at 
least these reasons, the rejection of claim 1 1 is in error and should be reversed. "If an 
independent claim is nonobvious under 35 U.S.C. 103, then any claim depending 
therefrom is nonobvious." 13 Thus, claims 12 - 16 are also nonobvious. 



Page 7, lines 16 - 18 of the Examiner's Answer. 

12 Claim 11. 

13 MPEP §2143.03, citing In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1 
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(1) Real Party in Interest 

A statement identifying by name the real party in interest is contained in the brief. 

(2) Related Appeals and Interferences 

The examiner is not aware of any related appeals, interferences, or judicial proceedings 
which will directly affect or be directly affected by or have a bearing on the Board's decision in 
the pending appeal. 

(3) Status of Claims 

The statement of the status of claims contained in the brief is correct. 

(4) Status of Amendments After Final 

The appellant's statement of the status of amendments after final rejection contained in 
the brief is correct. 

(5) Summary of Claimed Subject Matter 

The summary of claimed subject matter contained in the brief is correct. 

(6) Grounds of Rejection to be Reviewed on Appeal 

The appellant's statement of the grounds of rejection to be reviewed on appeal is correct. 

(7) Claims Appendix 

The copy of the appealed claims contained in the Appendix to the brief is correct. 

(8) Evidence Relied Upon 

4,950,834 ARGANBRIGHT et al. 8-1990 

(9) Grounds of Rejection 

The following ground(s) of rejection are applicable to the appealed claims: 
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Claim Rejections - 35 USC § 112 

The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

Claims 1 1-16 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

Regarding claim 1 1, the "passing step" is indefinite due to the recitation of the limitation 
"without substantial change in the degree of the dispersion of said reaction fluid" since it is 
unclear the change in the degree of dispersion is applied thru the entire the catalyst bed or just in 
the connection path between the "generating zone" the reactor. 

Claim Rejections - 35 USC §103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 
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This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

Claims 1 1-16 are rejected under 35 U.S.C. 103(a) as obvious over Arganbright et al 
(4,950,834). 

Arganbright discloses a process of reacting between propylene and benzene in the 
presence of a catalyst substantially the same as the applicant's claimed catalyst in an isothermal 
reactor having a wall contacted with the surrounding air (the abstract; the drawings; column 1, 
lines 8-66; col. 3, lines 1, lines 1-60; col. 5, line 14 thru col. 6, line 35). 

As disclosed on column 3, line 28, benzene in the reactor is boiling (a liquid form). 

Arganbright discloses that propylene is the most volatile component in the reaction (col. 
8, lines 3-4. Arganbright also discloses that the reaction includes both vapor and liquid (col. 8, 
lines 52-55). Therefore, propylene must inherently be in the form of gas before the reaction. 

On column 7, lines 24-34, Arganbright discloses that the benzene and others flow down 
to the bottom of the Omega sieve section to the Y sieve section. In figure 1 and 2, the examiner 
has recognized that gas propylene stream 1 must be dispersed into this flowing down benzene 
stream before the mixture of benzene and propylene reacted further in the Y sieve. 
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Arganbright does not disclose that (1) the mixture of benzene and propylene does not 
substantially change in the degree of dispersion thru the reactor (Y sieve section) and (2) using a 
cooling fluid medium for delivering the heat away from the reactor. 

However, it is expected that the dispersion would not be change in the Y sieve section of 
the Arganbright process since the catalyst bed of the Arganbright reactor is made by the same 
material as the claimed reactor (col. 5, line 14 thru col. 6, line 55). 

It is expected that the heat of the reaction will be transfer from the wall of the reactor via 
the surrounding air. 

However, in the case that the reaction room is too hot, it would have been obvious to one 
having oridinary skill in the art at the time the invention was made to have modified the 
Arganbright process by employing air conditioners to cool down the room to arrive at the 
applicants' claimed process to avoid the reaction room is too hot. 

A recycle of benzene can be found in figures. 

Temperature and pressure can be found on column 8, lines 42-46. 

Arganbright appears to be silent as to the superficial liquid/gas velocity. However, these 
parameters depend on the size of the reactor and selected conversion. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the Arganbright process by selecting appropriate velocities 
of gas/liquid to operate the process since it is expected that using any superficial liquid/gas 
velocity would yield similar results. 

(10) Response to Argument 
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Regarding the argument of the rejection under 35 USC 1 12, 2 nd paragraph, the examiner 
maintains the same position as maintained in the Advisory Action mailed on 10/27/2006. It is 
unclear the expression "without . . . fluid" is applied to the passing step or the flow in the reactor. 
Although applicants maintain that in the specification, the change of the dispersion is applied to 
both the feed line and through the reactor, the claim is clear on its face. The limitation of the 
claim must be correctly interpreted so that any difference between the prior art and the claimed 
process can be recognized. 

The argument that the there is not intentional step of generating a reaction fluid by 
dispersing a gas phase in a liquid phase is not persuasive since as shown in figure 1 and in the 
abstract, propylene gas stream 1 must be dispersed into the downstream benzene (stream 2) 
before the mixture benzene and propylene reacted further in Y sieve zone. Appellants also argue 
that as described in the specification, the dispersing step of gas phase in the liquid phase can be 
performed by a dispersing elements such as a liquid jet gas compressor, jet pumps for conveying 
and compressing gasses. However, applicants do not claim using these dispersing elements. 

The argument that it is not simply the material of construction , but overall design of the 
reaction and catalyst which influence whether a substantial change in the degree of the dispersion 
of the reaction fluid occurs as it passes through the reactor is not persuasive since appellants do 
not claim which structure in the design make an unchanged dispersion possible. Instead, 
appellants claim "through a reactor whose reactor space is equipped with woven or knitted metal 
fabrics coated with catalyst". This reactor equipped with these elements is indistinguishable from 
the one used in the Arganbright process as discussed in the above rejection and the later respond. 
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The argument that no way the reference teaches or suggests the utilization of a woven or 
knitted metal fabric coated with a catalyst is not persuasive since Arganbright discloses 
everywhere from column 5, lines 14 through column 7, line 5 about how the catalyst is loaded in 
the reactor, namely column 6, lines 8-12; column 6, line 62 through column 7, line 1. Appellants 
also argue that catalyst particles are not enclosed in containers in the present invention, while the 
prior art discloses the catalyst are enclosed in a container. However, it does not matter if the 
catalyst in a container or not, it is clear that the Arganbright reactor is equipped with metal 
meshes coated with catalysts. 

The argument that as described in the specification, in the present process, the heat 
transfer is provided by heat exchangers comprising a plate type heat exchanger or spiral heat 
exchanger is not persuasive since appellants do not claim using exchangers. Further, as 
understood from the law of nature, heat must be transferred from a hot region to a cooler region. 
Therefore, there must be a transfer of heat between the reactor and the surrounds and this heat 
transfer must be via the reactor wall. 

The argument that claim 1 1 requires a step of 'separating the reaction fluid into gas phase 
and liquid phase". This step must be recognized when one having ordinary skill in the art see 
figure 1 in which unreacted materials as a gas go out the reactor via stream 5 and cumene as a 
liquid flow down stream 8. 

(11) Related Proceeding(s) Appendix 

No decision rendered by a court or the Board is identified by the examiner in the Related 
Appeals and Interferences section of this examiner's answer. 
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For the above reasons, it is believed that the rejections should be sustained. 
Respectfully submitted, 



Thuan D Dang 




Qlenn Caldarola 
Supervisory Patort Examiner 
Technology Csnter 1 700 

Kathryn Gorgos 
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Appeal brief under 37 C.F.R. § 41.37 



Sir: 




Application No.: 09/629,482 BROCKER ET al Docket No.: 50487 

Real party in interest : 

The real party in interest is BASF Aktiengesellschaft, of Ludwigshafen, Germany. 

Related appeals and interferences : 

To the best of the undersigned's knowledge, there are no related interferences or judicial 
proceedings within the meaning of 37 C.F.R. §1. 192(c). 

Status of claims : 

• Claims 1 - 1 6 are pending in the application 

• Claims 11-16 stand rejected, and are being appealed. 

• Claims 1-10 stand withdrawn from consideration. 

Status of amendment : 

No amendment was filed subsequent to the final rejection dated July 10, 2006. 

Summary of claimed subject matter 

The claimed invention relates to a process for the isothermal operation of 
heterogeneously catalyzed reactions involving at least three phases in the form of a 
gaseous phase, a liquid phase and a solid phase. 1 

The independent claim involved in the appeal is claim 1 1 . All other claims are 
dependent on claim 1 1 . Summary of the subject matter of the dependent claims is 
omitted as unnecessary. 



1 Page 1, lines 9 - 12 of the Specification. 
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Claim 1 1 is directed to a process for carrying out a catalyzed three-phase reaction 
under isothermal conditions. 2 The three phases involved in this reaction are a gas phase, 
containing at least one gaseous reactant, a liquid phase containing at least on liquid 
reactant and a solid phase which is a catalyst. 3 The process of claim 1 1 comprises four 
steps. In the first step, a reaction fluid is generated by dispersing the gas phase in the 
liquid phase. 4 Subsequently, the generated reaction fluid is passed through a reactor. 5 
The reactor space is equipped with woven or knitted metal fabrics coated with catalyst. 6 
Care is taken to ensure that no substantial change in the degree of the dispersion of the 
reaction fluid occurs as it passes through the reactor. 7 Heat is transferred through the 
reactor to a cooling fluid medium on the reaction wall surface facing away the reactor 
space. 8 Finally the reaction fluid is separated into gas phase and liquid-phase. 9 

Grounds of rejection to be reviewed on appeal 

• Whether the examiner erred in rejecting Claims 11-16 under 35 U.S.C. §112, 
second paragraph as allegedly being indefinite for failing to particularly point 
out and distinctly claim the subject matter which applicant regards as the 
invention, and 

• Whether the examiner erred in rejecting Claims 11-16 under 35 U.S.C. 

§ 103(a) as allegedly being obvious over Arganbright et al. (USPN 4,950,834). 

Argument 

Rejections under 35 U.S.C. §112, second paragraph: 

Claims 11-16 stand rejected as allegedly being indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the invention. 
The examiner states that the phrase, " passing the generated reaction fluid, without 
substantial change in the degree of the dispersion of said reaction fluid, through a 

2 Page 1, lines 9 - 12 of the Specification. 

3 Page 1, lines 14 - 17 of the Specification. 

4 Page 3, lines 27 - 28 of the Specification. 

5 Page 7, lines 9 - 10 of the Specification. 

6 Page 3, lines 34 - 35 and Page 4, line 28 - Page 5, line 34 of the Specification. 

7 Page 4, lines 8 - 26 of the Specification. 

8 Page 6, lines 16 - Page 7, line 2 of the Specification. 

9 Page 7, lines 14 - 17 of the Specification. 
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reactor " 10 is indefinite on the basis that: 

it is unclear the change [sic] in the degree of dispersion is applied thru 
[sic] the entire the [sic] catalyst bed or just in the connection path between 
the 'generating zone' the [sic] reactor. 11 

In other words, the examiner argues that the phrase "passing the . . . fluid, without 
substantial change in the degree of dispersion . . . through a reactor" 12 would be 
misinterpreted by one possessing ordinary skill in the pertinent art. More specifically, the 
examiner argues that a skilled artisan would not be reasonably apprised that appellants 
have claimed a process in which the degree of dispersion is not substantially changed 
throughout the entire reactor. The examiner argues that a skilled artisan would interpret 
the phrase "passing the . . . fluid, without substantial change in the degree of dispersion . . . 
through a reactor" 13 as signifying that the degree of dispersion of the fluid could change 
when it passes through the reactor and that appellants have actually claimed a process in 
which the degree of dispersion only remains substantially unchanged through "the 
connection path between the generating zone [and] the reactor." 14 

This rejection is in error. "The requirement to 'distinctly' claim means that the 
claim must have a meaning discernible to one of ordinary skill in the art when construed 
according to correct principles. . . . Only when a claim remains insolubly ambiguous 
without a discernible meaning after all reasonable attempts at construction must a court 
declare it indefinite." 15 Moreover, "[i]n rejecting a claim under the second paragraph of 
35 U.S.C. 1 12, it is incumbent on the examiner to establish that one of ordinary skill in 
the pertinent art, when reading the claims in light of the supporting specification, would 
not have been able to ascertain with reasonable degree of precision and particularity the 
particular area set out and circumscribed by the claims." 16 

It is respectfully submitted that the phrase "passing the generated reaction fluid, 
without substantial change in the degree of the dispersion of said reaction fluid, through a 

10 Claim 11. 

11 Page 2, lines 10-12 of the final Office action of July 10, 2006 (emphasis in original). 

12 Claim 11. 

13 Claim 11. 

14 Page 2, lines 10 - 12 of the final Office action of July 10, 2006 (emphasis in original). 

15 Metabolite Labs., Inc. v. Lab. Corp. of Am. Holdings, 370 F.3d 1354, 1366, 71 USPQ2d 1081, 1089 
(Fed. Cir. 2004). 

16 Ex parte Wu, 10 USPQ2d 203 1 at 2033 (BPAI 1989). 
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reactor" 17 has a clear and precise meaning that is readily discernible to one of ordinary 
skill in the art, especially when read in light of the present specification, which states: 

The inventors have determined that improved mass transfer can only be 
obtained if the reaction fluid is a dispersion formed from the gas phase (as 
disperse phase) and the liquid (as dispersion medium) and the process and 
apparatus are designed in such a way that the dispersion, as it passes 
through the reactor, remains stable, ie. substantially no increase in bubble 

18 

size occurs. 

In this regard, the specification also points to particular features of the reactor, stating: 

The reactor of the invention is designed for maintaining a high but 
uniform shearing stress on the reaction fluid. On the other hand, it will 
withstand a high cross-sectional flow velocity without attrition of the 
catalyst. On the other, the reaction fluid is exposed to a uniformly high 
shearing stress in the metal fabric. This provides for uniform mixing of 
the reaction fluid and hence for a constant degree of dispersion of the 
reaction fluid as it passes through the reactor." 19 

Accordingly, Appellants assert that instant claims 1 1 - 16, are definite and 
respectfully request reversal of the instant rejection under 35 U.S.C. §112. 

Rejections under 35 U.S.C. §103: 

Claims 11-16 stand rejected under 35 U.S.C. § 103(a) as allegedly being obvious 
over Arganbright et al. (USPN 4,950,834). Appellants respectfully submit that the 
Examiner has failed to establish a prima facie case of obviousness under 35 U.S.C. §103. 
When applying 35 U.S.C. § 103, the following tenets of patent law must be adhered to: 
(A) The claimed invention must be considered as a whole; (B) The references must be 
considered as a whole and must suggest the desirability and thus the obviousness of 
making the combination; (C) The references must be viewed without the benefit of 
impermissible hindsight vision afforded by the claimed invention; and (D) Reasonable 
expectation of success is the standard with which obviousness is determined. 20 



17 Claim 11. 

18 Page 4, lines 8 - 15 of the Specification. 

19 Page 4, lines 17 - 26 of the Specification. 

20 Hodosh v. Block Drug Co., Inc., 786 F.2d 1136, 1143 n.5, 229 USPQ 182, 187 n.5 (Fed. Cir. 1986). 
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"To establish a prima facie case of obviousness, three basic criteria must be met. 
First, there must be some suggestion or motivation, either in the references themselves or 
in the knowledge generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings." 21 Indeed, "to support the conclusion that 
the claimed invention is directed to obvious subject matter, either the references must 
expressly or impliedly suggest the claimed invention or the examiner must present a 
convincing line of reasoning as to why the artisan would have found the claimed 
invention to have been obvious in light of the teachings of the references." 22 The 
examiner may not, because of doubt that the invention is patentable, resort to speculation, 
unfounded assumption or hindsight reconstruction to supply deficiencies in the factual 
basis for the rejection. 23 "Second, there must be a reasonable expectation of success." 24 
The teaching or suggestion to make the claimed combination and the reasonable 
expectation of success must both be found in the prior art, and not based on applicant's 
disclosure. 25 That it would have been obvious to try is not sufficient. 26 "Finally, the 
prior art reference (or references when combined) must teach or suggest all the claim 
limitations." 27 

In view of the above principles, the Examiner has not set forth a prima facie case of 
obviousness with regard to the invention of claim 1 1 as a whole , because claim 1 1 
requires at least the following: 

I. Generating a Reaction Fluid 

II. Passing the Generated Reaction Fluid through a Reactor (without substantial change 
in the degree of dispersion of the reaction fluid) 

III. Reactor Space Equipped with Woven or Knitted Metal Fabrics Coated with Catalyst 

IV. Transferring Heat 

V. Separating the Reaction Fluid into Gas and Liquid phases 



21 MPEP §2143. 

22 Ex parte Clapp, 227 USPQ 972, 973 (Bd. Pat. App. & Inter. 1985). 

23 See In re Warner, 379 F.2d 101 1, 1017, 154 USPQ 173, 177 (CCPA 1967), cert, denied, Appeal No. 
2002-1187 389 U.S. 1057 (1968). 

24 MPEP §2143. See also: Boehringer Ingelheim Vetmedica, Inc. v. Schering-Plough Coip., 320 F.3d 
1339, 1354 (Fed. Cir. 2003). 

25 In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 

26 Hybritech, Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1380 (Fed. Cir. 1986). 

27 MPEP §2143. 
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These requirements will be addressed one at a time, because a prima facie case of 
obviousness cannot be established if the cited reference fails to teach or suggest any one 
of the claim limitations, however, it is important to bear in mind that the claimed 
invention must be considered as a whole. Indeed, this invention is greater than the sum 
of its parts. 

I. Generating a Reaction Fluid 

Clai m 1 1 requires the step of "generating a reaction fluid by dispersing the gas 
phase containing the at least one gaseous reactant in the liquid phase, containing the at 
least one liquid reactant and producing a reaction thereby." As described in the 
specification, dispersing of the gas phase in the liquid phase can be performed by a 
dispersing element, such as a liquid jet gas compressor, e.g., jet pumps for conveying and 
compressing gasses. In complete contrast, Arganbright et al. describe a dual bed system 
wherein a feed through the reactor is accomplished by separate feed streams. 28 
Moreover, Arganbright et al. actively seek to avoid what they consider to be "the 
detriment of having all of the components of the reaction system continually in contact 
with the catalyst," 29 emphasizing that "because [their] reaction is occurring concurrently 
with distillation, the initial reaction product is removed from the reaction zone as quickly 
as it is formed." 30 Thus, it is clear that the reference not only fails to teach or suggest all 
of the claim limitations, but strenuously teaches away from generating a reaction fluid 
which could continually contact the catalyst. The examiner has failed to point to any 
teaching, suggestion or motivation for a person of ordinary skill in the art to modify the 
reference to arrive at a process which includes the step of generating a reaction fluid. 
Despite these clear differences, the Examiner asserts that: 

"Arganbright discloses that the benzene and others flow to 
the bottom of the Omega sieve section to the Y sieve 
section." 31 



28 Col. 3, lines 1-5 of Arganbright et al. (US 4,950,834). 

19 Col. 3, lines 61 - 63 of Arganbright et al. (US 4,950,834). 

,0 Col. 3, lines 23 - 25 of Arganbright et al. (US 4,950,834). 

" Page 3 at lines 22 - 23 of the final Office action of July 10, 2006. 
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The examiner then speculates that: 

"gas propylene stream 1 must be dispersed into this 
flowing down benzene stream before the mixture of 
benzene and propylene reacted further in the Y sieve." ~ 

However, the Examiner has considered the cited passage in a vacuum and has failed to 
consider the teachings of the reference as a whole. Indeed, the complete passage recited 
by Arganbright et al. do not describe an active process for generating a reaction fluid. 
Arganbright et al specifically state, "[s]ince complete separation of the reaction products 
and benzene does not occur in Omega bed 12, cumene, small amounts of propylene, 
dimerized propylene. . .and benzene flow down the column into the Y-bed where any 
propylene and dimerized propylene may react with the benzene to produce additional 
cumene." 33 This passage does not describe a step for generating a reaction fluid. 
Products of a reaction and left-over reactants are merely allowed to flow to the bottom of 
the column. No intentional step of generating a reaction fluid by dispersing a gas phase 
in a liquid phase is described. Moreover, contrary to the examiner's speculation, 
Arganbright et al. do not teach that the small amounts of propylene "must be dispersed" 
into any down-flowing benzene stream. In fact, Arganbright et al., teach away from this 
possibility by stating that additional reaction, if any, occurs in the Y-bed, i.e. by stating 
that "[products of a reaction and left-over reactants] . . . flow down the column into the Y- 
bed where any propylene and dimerized propylene may react with the benzene to produce 
additional cumene." 34 This passage clearly does not provide a teaching suggestion or 
motivation for a skilled artisan to intentionally generate a reaction fluid by dispersing a 
gas phase into a liquid phase. 

In sum, the reference fails to teach or suggest all of the claim limitations, but 
instead teaches away from generating a reaction fluid. Where the prior art "teaches 
away" from the claimed invention rather than motivating a person of ordinary skill in the 
art to do what the patentee has done, the claimed invention is nonobvious. 35 The 



32 Page 4 at lines 1 - 2 of the final Office action of July 10, 2006. 

33 Col. 7, lines 24-34 of Arganbright et al. (US 4,950,834). 

34 Col. 7, lines 24-34 of Arganbright et al. (US 4,950,834). 

35 In re Hedges, 783 F.2d 1038, 1041 (Fed. Cir. 1986); W.L. Gore &Assocs. v. Garlock, Inc., 721 F.2d 
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examiner has failed to point to any teaching, suggestion or motivation for a person of 
ordinary skill in the art to modify the reference to arrive at a process which includes the 
step of generating a reaction fluid. A prima facie case of obviousness has not been 
established. For at least these reasons, the rejection of claim 1 1 is in error and should be 
reversed. "If an independent claim is nonobvious under 35 U.S.C. 103, then any claim 
depending therefrom is nonobvious." 36 Thus, claims 12 - 16 are also nonobvious. 

II. Passing the Generated Reaction Fluid through a Reactor without substantial change 
in the degree of dispersion of the reaction fluid 

Claim 1 1 also requires the step of "passing the generated reaction fluid, without 
substantial change in the degree of the dispersion of said reaction fluid, through a 
reactor." 37 First, since Arganbright et al. teach away from generating a reaction fluid (as 
discussed above), it is unreasonable to suggest that Arganbright et al. teach or suggest the 
passing of a generated reaction fluid through a reactor. The examiner has ignored this 
impossibility, but has, at least, admitted that: 

"Arganbright does not disclose that . . . the mixture of 
benzene and propylene does not substantially change in the 
[sic] degree of dispersion thru [sic] the reactor (Y sieve 
section)" 38 

The examiner further speculates that: 

"the dispersion would not be change [sic] in the Y sieve 
section of the Arganbright process since the catalyst bed of 
the Arganbright reactor is made by the same material as the 
claimed reactor ." 39 

It is noted that for the above-mentioned reasons, the examiner's use of the phrase 
"mixture of benzene and propylene" and the term "dispersion" is entirely inappropriate. 
It has already been noted that the examiner may not resort to speculation, unfounded 



1540, 1552-53 (Fed. Cir. 1983). 

36 MPEP §2143.03, citing In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). 

37 Claim 11. 

38 Page 4 at lines 3-5 of the final Office action of July 10, 2006. 

39 Page 4 at lines 6-8 of the final Office action of July 10, 2006 (emphasis added). 
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assumption or hindsight reconstruction to supply deficiencies in the factual basis for the 
rejection. Aside from being purely speculative, the examiner's assertion is wholly 
unreasonable because the present application makes clear that it is not simply the material 
of construction , but the overall design of the reactor and catalyst which influence whether 
a substantial change in the degree of the dispersion of the reaction fluid occurs as it 
passes through the reactor. The present invention discloses a reactor designed for 
maintaining a high but uniform shearing stress on the reaction fluid. This design 
provides for uniform mixing of the reaction fluid and a constant degree of dispersion of 
the reaction fluid as it passes through the reactor. 40 

The Arganbright et al. reference provides no teaching, suggestion or motivation to 
create a reaction fluid; no teaching, suggestion or motivation to avoid substantial change 
in the degree of dispersion of a reaction fluid as it passes through a reactor; and, quite 
naturally, no teaching suggestion or motivation as to how to arrive at a process wherein 
the overall design of the reactor and catalyst influence whether a substantial change in the 
degree of the dispersion of a reaction fluid occurs as it passes through a reactor. The 
Arganbright et al. reference, therefore, fails to teach or suggest all of the claim 
limitations, and the examiner has failed to establish a prima facie case of obviousness. 
For at least these reasons, the rejection of claim 1 1 is in error and should be reversed. "If 
an independent claim is nonobvious under 35 U.S.C. 103, then any claim depending 
therefrom is nonobvious." 41 Thus, claims 12 - 16 are also nonobvious. 

III. Reactor Space Equipped with Woven or Knitted Metal Fabrics Coated with Catalyst 

Claim 1 1 requires that the reaction fluid be passed "through a reactor whose 
reactor space is equipped with woven or knitted metal fabrics coated with catalyst." 42 
The examiner's initial rejection did not point to a teaching, suggestion or motivation for a 
skilled artisan to have arrived at this feature of the present invention. In response to 
remarks presented by the appellants, however, the examiner has stated that: 



40 Page 4, indicated lines 17 - 26 of the Specification. 

41 MPEP §2143.03, citing In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). 

42 Claim 11. 
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Arganbright discloses that the molecular sieve can be 
enclosed in the screen wire which is knitted. Clearly sieves 
must be on the knitted wire (coated). 43 

The examiner has failed to examine the Arganbright et al. reference as a whole, and has 
instead resorted to cherry-picking distinct aspects from the reference to construct the 
rejection. The Federal Circuit in Hodosh v. Block Drug Co., Inc., 786 F.2d 1 136, 1 143, 
n.5 (Fed. Cir. 1986) stated that "references must be considered as a whole and must 
suggest the desirability and thus the obviousness of making the combination." In this 
regard, the Examiner examined only parts of the cited art references picking and choosing 
only disclosures allegedly favorable for establishing prima facie obviousness. 

Arganbright et al. discuss the use of mole sieve catalysts. The examiner cites 
column 5, lines 20 - 22, which state: "the particulate mole sieves may be employed by 
enclosing them in a porous container such as a cloth, screen wire or polymeric mesh." 
Even on the basis of this hand-selected portion of Arganbright et al, the examiner has 
failed to establish a prima facie case of obviousness; a reference disclosing the enclosure 
of catalytic particles in a container such as a cloth, screen wire or polymeric mesh in no 
way teaches or suggests the utilization of a woven or knitted metal fabric coated with a 
catalyst . The examiner's assertion that "[c]learly sieves must be on the knitted wire 
(coated)," 44 is precisely the opposite of what Arganbright et al. disclosed, i.e. that 
catalytic particles are enclosed in a container. Catalytic particles are not enclosed in 
containers in the present invention. The present invention effectively makes woven or 
knitted metal fabrics catalytically active, by coating them with catalyst. When properly 
considered as a whole, the Arganbright et al. reference teaches away from such a 
configuration. The examiner cherry-picked Column 5, lines 20 - 22, but the next two 
lines make clear that "[t]he material used to make the container must be inert to the 
reactants and conditions in the reaction system." 45 Thus, the Arganbright et al. reference 
fails to teach or suggest all of the claim limitations, because it fails to teach woven or 
knitted metal fabrics coated with catalyst. Moreover, Arganbright et al., teach away from 
making such a modification to their system. The examiner has failed to establish a prima 



43 Page 3, lines 1 - 3 of the Advisory Action dated October 27, 2006. 

44 Page 3, lines 1 - 3 of the Advisory Action dated October 27, 2006 (emphasis added). 

45 Column 5, lines 23 - 24 of Arganbright et al. (US 4,950,834). 
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facie case of obviousness. For at least these reasons, the rejection of claim 1 1 is in error 
and should be reversed. "If an independent claim is nonobvious under 35 U.S.C. 103, 
then any claim depending therefrom is nonobvious." 46 Thus, claims 12 - 16 are also 
nonobvious. 



IV. Transferring Heat 



Claim 1 1 requires the step of "transferring the heat through the reactor to a 
cooling fluid medium on the reaction wall surface facing away the reactor space." 47 With 
regard to this required step, the examiner has admitted that: 

"Arganbright does not disclose . . . using a cooling fluid 
medium for delivering heat away from the reactor." 48 

Yet, the examiner speculates that: 

"it is expected that the heat of the reaction will be transfer 
[sic] from the wall of the reactor via the surrounding air." 49 

The examiner further speculates that: 

"it would have been obvious to one having oridinary [sic] 
skill in the art at the time the invention was made to have 
modified the Arganbright process by employing air 
conditioners to cool down the room to arrive at the 
applicants' claimed process to avoid the reaction room is 
too hot [sic]." 50 

Again, the examiner may not resort to speculation, unfounded assumption or hindsight 
reconstruction to supply deficiencies in the factual basis for the rejection. Moreover, as 
will be pointed out, the examiner's assertion is wholly contrary to the teachings of 
Arganbright et al., who specifically teach controlling temperature by modifying pressure. 



46 MPEP §2143.03, citing In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). 

47 Claim 11. 

48 Page 4 at lines 3-5 of the final Office action of July 10, 2006. 

49 Page 4 at lines 9 - 10 of the final Office action of July 10, 2006. 

50 Page 4 at lines 1 1 - 14 of the final Office action of July 10, 2006 (emphasis added). 
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In the present invention, heat transfer is provided by a heat exchanger, for 
example, as described in the specification as comprising a plate type heat exchanger or a 
spiral type heat exchanger, which, as illustrated in FIG. 4, utilizes a counter-current flow, 
albeit co-current arrangements are also disclosed. On the other hand, Arganbright does 
not disclose cooling systems, e.g., countercurrent type heat exchangers, but rather, 
discloses, "[fjhe temperature of the reactor is determined by boiling point of the liquid 
mixture. . .To change the temperature the pressure is changed. Temperature in the 
reaction zone is thus controlled by pressure; by increasing the pressure, the temperature 
in the system is increased, and vice versa. " 

Accordingly, not only has the Examiner failed to consider the teachings of 
Arganbright as a whole (Arganbright teaches pressure not an air conditioned room), but 
the Examiner's proposed modification is wholly contrary to the teachings of Arganbright. 
Indeed, Arganbright specifically teaches controlling temperature by virtue of modifying 
pressure. Furthermore, there is simply no reasonable expectation that the 
combination/modification propounded by the Examiner would be successful; that is, the 
Examiner's contention that an air conditioned room would be sufficient to control reactor 
temperature, or be sufficient to cool the instant claimed reactor is tenuous at best, wholly 
speculative and completely unreasonable absent objective evidence illustrating the same. 

Since the Arganbright et al. reference fails to teach or suggest all of the claim 
limitations the examiner has failed to establish a prima facie case of obviousness. 
Additionally, Arganbright et al. teach away from making the examiner's proposed 
modification of cooling via an air conditioned room by pointing towards controlling the 
temperature via pressure. Where the prior art "teaches away" from the claimed invention 
rather than motivating a person of ordinary skill in the art to do what the patentee has 
done, the claimed invention is nonobvious. 51 Finally, a skilled artisan would not have 
reasonably expected the modifications proposed by the examiner to be successful. Thus, 
the examiner has failed to establish a prima facie case of obviousness. For at least these 
reasons, the rejection of claim 1 1 is in error and should be reversed. "If an independent 



51 In re Hedges, 783 F.2d 1038, 1041 (Fed. Cir. 1986); W.L. Gore&Assocs. v. Garlock, Inc., 721 F.2d 
1540, 1552-53 (Fed. Cir. 1983). 
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claim is nonobvious under 35 U.S.C. 103, then any claim depending therefrom is 
nonobvious." 52 Thus, claims 12 - 16 are also nonobvious. 

V. Separating the Reaction Fluid into Gas and Liquid phases 

Claim 1 1 requires the step of "separating the reaction fluid into gas phase and 
liquid-phase." First, since Arganbright et al. teach away from generating a reaction fluid 
(as discussed above), it is unreasonable to suggest that Arganbright et al. teach or suggest 
separating a reaction fluid into gas and liquid phases. Moreover, the Arganbright et al. 
reference is directed to catalytic distillation. Arganbright et al. specifically note that: 

The success of catalytic distillation lies in an understanding 
of the principles associated with distillation. First, because 
the reaction is occurring concurrently with distillation, the 
initial reaction product is removed from the reaction zone 
as quickly as it is formed .... Third, the reaction has an 
increased driving force because the reaction products have 
been removed and cannot contribute to reverse reaction (Le 
Chatelier's Principle). 53 

The examiner has failed to establish a prima facie case of obviousness, because 
the examiner has failed to point to a teaching, suggestion or motivation to modify the 
disclosure of Arganbright et al. to arrive at a process which includes a step for 
"separating the reaction fluid into gas phase and liquid-phase." 54 

As already mentioned, the Arganbright et al. process teaches away from 
generating a reaction fluid in the first place. Moreover, in the Arganbright et al. process 
"the initial reaction product is removed from the reaction zone as quickly as it is 
formed," 55 flowing to the bottom of the distillation column and exiting via line 8, and 

[t]he feed of propylene is adjusted such that there is a molar 
excess of benzene in the reactor, such that the overhead 5 is 
primarily benzene, the propylene having been almost 
totally reacted. In addition to benzene and some propylene 



52 MPEP §2143.03, citing In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). 

53 Column 3, lines 19 - 35 of Arganbright et al. (US 4,950,834). 

54 Claim 11. 

55 Column 3, lines 24 - 25 of Arganbright et al. (US 4,950,834). 
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other lights go off overhead. The overhead is passed to 
condenser 13 which is operated to condense substantially 
all of the benzene . . . . 56 

Thus, Arganbright et al. never disclose "separating [a] reaction fluid into gas phase and 
liquid-phase[,]" 57 and, the examiner has failed to establish a prima facie case of 
obviousness. For at least these reasons, the rejection of claim 1 1 is in error and should be 
reversed. "If an independent claim is nonobvious under 35 U.S.C. 103, then any claim 
depending therefrom is nonobvious." 58 Thus, claims 12 - 16 are also nonobvious. 



56 Column 7, lines 37 - 44 of Arganbright et al. (US 4,950,834) (emphasis in original). 

57 Claim 11. 

58 MPEP §2143.03, citing In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). 
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Claims appendix. 

1 . (withdrawn) Apparatus for carrying out reactions involving a gaseous phase, a 
and a solid phase being a catalyst, which comprises the steps of, comprising 

- a dispersing element (6) for dispersing a gas phase in a liquid phase to 
generate a reaction fluid, 

- at least one reactor (1) which possesses an inlet (3 1 , 41), an outlet (43) and 
a reactor space bounded by heat-removing walls which are spaced apart 
substantially uniformly along the main flow axis of the reaction fluid, and 
which is fitted with catalyst-coated metal fabric (20,32), and 

- a feed line (7) which routes the reaction fluid from the dispersing element 
(6) to the reactor inlet (3 1,41) and is sufficiently short that the degree of 
dispersion of the reaction fluid does not substantially change in the course 
of the passage through the feed line. 

2. (withdrawn) Apparatus as claimed in claim 1, wherein the metal fabric (20.32) is 
knitted metal fabric. 

3. (withdrawn) Apparatus as claimed in claim 1, wherein the metal fabric (20,32) is 
knitted metal fabric. 

4. (withdrawn) Apparatus as claimed in claim 1, wherein the dispersing element (6) 
is a liquid jet gas compressor. 

5. (withdrawn) Apparatus as claimed in claim 1, wherein the reactor (1) is 
constructed as a heat exchanger. 

6. (withdrawn) Apparatus as claimed in claim 5, wherein the reactor (1) is 
constructed as a plate type heat exchanger. 

7. (withdrawn) Apparatus as claimed in claim 5, wherein the reactor (1) is 
constructed as a spiral type heat exchanger. 

8. (withdrawn) Apparatus as claimed in claim 5, wherein the walls in the reactor are 
spaced from 1 to 3 mm apart. 

9. (withdrawn) Apparatus as claimed in claim 5, wherein the walls in the reactor are 
spaced from 2 to 20 mm apart. 
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10. (withdrawn) Apparatus as claimed in claim 5, wherein the walls in the reactor are 
spaced from 4 to 1 0 mm apart. 

1 1 . (previously presented) A process for carrying out a reaction under isothermal 
conditions involving a gas phase, containing at least one gaseous reactant, a liquid 
phase containing at least on liquid reactant and a solid phase which is a catalyst, 
which comprises the steps of 

- generating a reaction fluid by dispersing the gas phase containing the at 
least one gaseous reactant in the liquid phase, containing the at least one 
liquid reactant and producing a reaction thereby, 

- passing the generated reaction fluid, without substantial change in the 
degree of the dispersion of said reaction fluid, through a reactor whose 
reactor space is equipped with woven or knitted metal fabrics coated with 
catalyst 

- transferring the heat through the reactor to a cooling fluid medium on the 
reaction wall surface facing away the reactor space, and 

- separating the reaction fluid into gas phase and liquid-phase. 

12. (original) A process as claimed in claim 11, operated with separate partial 
recycling of gas phase and/or liquid phase. 

13. (original) A process as claimed in claim 11, wherein the superficial liquid velocity 
in the reactor is from 100 to 66 m 3 .m 2 h). 

14. (original) A process as claimed in claim 11, wherein the superficial gas velocity 
from 0.5 to 15 cm/s. 

15. (original) A process as claimed in claim 11, wherein the reaction fluid in the 
reactor is under a pressure of from 0.1 to 200 bar. 

16. (original) A process as claimed in claim 11, wherein the reaction fluid in the 
reactor has a temperature of from 25 to 250°C. 
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Evidence appendix 

None. 

Related proceedings appendix 

None. 
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DETAILED ACTION 

Claim Rejections - 35 USC § 112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

Claims 1 1-16 are rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

Regarding claim 1 1, the "passing step" is indefinite due to the recitation of the limitation 
"without substantial change in the degree of the dispersion of said reaction fluid" since it is 
unclear the change in the degree of dispersion is applied thru the entire the catalyst bed or just in 
the connection path between the "generating zone" the reactor. 

Claim Rejections - 35 USC §103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
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2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1 .56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

Claims 1 1-16 are rejected under 35 U.S.C. 103(a) as obvious over Arganbright et al 
(4,950,834). 

Arganbright discloses a process of reacting between propylene and benzene in the 
presence of a catalyst substantially the same as the applicant's claimed catalyst in an isothermal 
reactor having a wall contacted with the surrounding air (the abstract; the drawings; column 1, 
lines 8-66; col. 3, lines 1, lines 1-60; col. 5, line 14 thru col. 6, line 35). 

As disclosed on column 3, line 28, benzene in the reactor is boiling (a liquid form). 

Arganbright discloses that propylene is the most volatile component in the reaction (col. 
8, lines 3-4. Arganbright also discloses that the reaction includes both vapor and liquid (col. 8, 
lines 52-55). Therefore, propylene must inherently be in the form of gas before the reaction. 

On column 7, lines 24-34, Arganbright discloses that the benzene and others flow down 
to the bottom of the Omega sieve section to the Y sieve section. In figure 1 and 2, the examiner 
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has recognized that gas propylene stream 1 must be dispersed into this flowing down benzene 
stream before the mixture of benzene and propylene reacted further in the Y sieve. 

Arganbright does not disclose that (1) the mixture of benzene and propylene does not 
substantially change in the degree of dispersion thru the reactor (Y sieve section) and (2) using a 
cooling fluid medium for delivering the heat away from the reactor. 

However, it is expected that the dispersion would not be change in the Y sieve section of 
the Arganbright process since the catalyst bed of the Arganbright reactor is made by the same 
material as the claimed reactor (col. 5, line 14 thru col. 6, line 55). 

It is expected that the heat of the reaction will be transfer from the wall of the reactor via 
the surrounding air. 

However, in the case that the reaction room is too hot, it would have been obvious to one 
having oridinary skill in the art at the time the invention was made to have modified the 
Arganbright process by employing air conditioners to cool down the room to arrive at the 
applicants' claimed process to avoid the reaction room is too hot. 

A recycle of benzene can be found in figures. 

Temperature and pressure can be found on column 8, lines 42-46. 

Arganbright appears to be silent as to the superficial liquid/gas velocity. However, these 
parameters depend on the size of the reactor and selected conversion. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the Arganbright process by selecting appropriate velocities 
of gas/liquid to operate the process since it is expected that using any superficial liquid/gas 
velocity would yield similar results. 
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Response to Arguments 

Applicant's arguments filed 8/12/2004 have been fully considered but they are not 
persuasive. 

The argument that as clearly defined in claim 1, lines 21-27, the feed stream line (7) 
which routes the reaction fluid from dispersing element (6) to the reactor inlet (31,41) has to be 
sufficiently short so that of the degree of the dispersion of the reaction fluid does not 
substantially change in the course of the passage through the feed line, now in claim 1 1 is not 
persuasive since applicants does not claim using any dispersing element, does not claim using a 
short reactor inlet and how short the inlet should be. 

The argument that the present invention proposed the use of a catalyst-coated metal 
fabric. See on column 5, lines 20-22 and 55-57, Arganbright discloses that the molecular sieve 
can be enclosed in screen wire which is knitted. Clearly, sieves must be on the knitted wire 
(coated). Therefore, there is no difference between the catalyst bed of the Arganbright reactor 
and the catalyst used in the claimed process. 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
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CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thuan D. Dang whose telephone number is 571-272-1445. The 
examiner can normally be reached on Mon-Thu. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Glenn Caldarola can be reached on 571-272-1444. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

Thuan D. Dang 
Primary Examiner 
Art Unit 1764 
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Franz Josef Brocker et al. 
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Filed: July 31, 2000 
Attorney Docket No.: 50487 



COPY MAILED 

MAR 0 8 2006 
OFFICE OF PETITIONS 

ON PETITION 



This is a decision on the petition filed December 19, 2005 and supplemented on 
January 19, 2005, to withdraw the holding of abandonment for the above-identified 
application. The petition is treated under 37 CFR 1.181. 

The petition under 37 CFR 1.181 is DISMISSED . 

Any request for reconsideration of this decision must be submitted within TWO (2) 
MONTHS from the mail date of this decision. Extensions of time under 37 CFR 
1.136(a) are permitted. The reconsideration request should include a cover letter 
entitled "Renewed Petition under 37 CFR 1.181". 

The application was held abandoned on August 19, 2004, for failure to file a timely reply 
to the non-Final Office Action mailed May 18, 2004. A three month period for reply was 
set. Accordingly, a Notice of Abandonment was mailed on December 8, 2005. 

Petitioner asserts that a response was filed August 12, 2004. In support, petitioner has 
submitted, inter alia, a their filing log a copy of the search results from the Patent 
Application Information Retrieval system both showing an entry for an amendment on 
August 12, 2005. Additionally, petitioners have submitted a cover page used for 
submitting the response with a certificate of mail of August 12, 2004. 

A search of the application file and the USPTO records does not disclose that the 
actual amendment is of record. It appears, from the proof submitted though that 
petitioner attempted to file the response in a timely manner but until such time as a 
proper response, the amendment is of record, the petition cannot be granted and the 
abandonment withdrawn. 

Please submit the amendment, not just the cover page with a renewed petition for 
further consideration. 
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P.O. Box 1450 
Alexandria, VA 22313-1450 



By FAX: (571)273-8300 



Telephone inquiries concerning this matter may be directed to the undersigned 
Petitions Attorney at (571) 272-3212. 



Patricia Faison-Ball 
Senior Petitions Attorney 
Office of Petitions 
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Iaothermal operation of hoterogeneously 
catalyzed throe phaoo reactions 



This invention relates to a process and apparatus for 
10 the isothermal operation of heter ogeneous.ly catalyzed 
reactions involving at least three phases in the form 
of a gaseous phase, a liquid phase and a solid phase. 

The invention relates specifically to the operation of 
15 such reactions where at least one reactant is liquid 
and one is gaseous and where the catalyst is a solid 
materia] . 

The operation of such reactions is associated with 
20 appreciable difficulties. The gas-liquid transfer is 
frequently problematical. Moreover, isothermal 
conditions are difficult to achieve, isothermal being 
used in the sense that the heat of reaction is 
substantially evened out by input or removal of heat, 
25 so that temporal or local temperature fluctuations in 
the reactor are of no consequence. 

Established processes are described in G. Eigenberger, 
UUmann, 5th edition, vol. 4, P- 199ff. (1992) 
Wiley-VCH, Weinheim, Berlin, New York. 

30 

EP-B 0 305 203 (US-A 4 985 230) describes the operation 
of heterogeneously catalyzed reactions under 
nonadiabatic conditions. To this end, a reactor with 
heat-transmitting walls is packed with monolithic 
35 catalysts. A monolithic catalyst is a coherent solid 
having a sufficiently large catalytic surface area that 
countable amounts of these bodies will suffice for 
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catalyzing the reaction in quest.cn to an industrially 
sensible extent. The monolithic catalysts have channels 
w.ic- are angled relative to the overall flow 
direction, sc that the reaction fluid is routed at an 
ac-te ancle from one reactor wall to the other, which 
is saio'to improve the heat transfer. The shearing 
stress exerted on the reaction fluid is extremely high 
(T'gh oressure drop! in reactor wail vicinity and 
otherwise rather low (poor mass transfer). This leads 
to unnecessarily large pressure drops in wall vicinity. 
The reactcr is complicated to fabricate, since the 
pressure drop depends decisively on the geometry 
between reactor wall and monolithic catalyst. 

EP-B 0 201 614 (US-A 4 731 229) describes a reactor 
containing partly corrugated tape-form catalyst bodies 
whose corrugation is disposed at an inclination to the 
main flow axis and oppositely directed in adjacent 
plates, the pitch of the corrugation of the catalyst 
body being less than the pitch of the adjacent 
corrugated plates and the surface area of the catalyst 
body being larger than the surface area of an adjacent 
corrugated plate. This apparatus is not contemplated 
for generating gas-liquid dispersions. The complicated 
corrugation of the plates favors bypass formation, 
inhibits eddying and thus compromises mas;, transfer. In 
addition, the envisioned compact packing element does 
not provide for effective removal of the heat of 
reaction. 

EP-B 0 068 862 (CA-A 1 146 148) discloses a fixed bed 
reactor for transfer reactions between gas phase and 
-qu-'d. In this reactor, the fixed bed comprises 
alternating layers of plane and corrugated sheets 
coiled together to form a roll, the corrugated sheet 
comprising an open mesh material with at least an outer 
surface layer consisting of a high molecular weight 
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organic pol^bic substance which wiil£ inherently 
hydrophobic with respect to the liquid mentioned, and 
the plane sheet comprising knitted, wovon or felted 
cloth of a textile wicking materia' which is 
hydrophilic with respect to the liquid or the gas- 
liquid transfer reaction and which will provide an 
uninterrupted wicking path between the ends of the roil 
for the liquid mentioned. The disadvantage with this 
type of reactor is that the textile constituents of the 
reactor limit the cress-sectional flow velocities. The 
wicking path, moreover, inhibits rapid liquid 
transport, thus favors the separation between gas and 
liquid and inhibits the mass transfer between gas and 
liquid. 3esides, the reactor is intended for adiabatic 
operation . 

It is an object of the present invention to provide 
apparatus and a process for carrying out reactions 
involving a liquid phase, a gaseous phase and a solid 
phase with improved mass transfer between gas phase and 
liquid and with isothermal processing. 

We have found that this object is achieved by apparatus 
for carrying out reactions involving a gaseous phase, a 
liquid phase and a solid phase, comprising 

- a dispersing element for dispersing a gas phase 
in a liquid phase to generate a reaction fluid, 

- at least one reactor which possesses an inlet, 
an outlet and a reactor space bounded by heat- 
removing walls which are spaced apart 
substantially uniformly along the main flow 
axis of the reaction fluid, and which is fitted 
with catalyst-coated metal fabric, and 
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- a feftlme which routes the j£tion fluid 
from^e aispersir.g element to the reactor 
ir.let and is sufficiently short that the degree 
of dispersion of the reaction fluid does not 
substantially change m the course of the 
passage through the feed line. 

The inventors have determined that improved mass 
transfer can only be obtained if the reaction fluid is 
a dispersion forced from the gas phase (as disperse 
phase) and the liquid (as dispersion medium) and the 
process and apparatus are designed in such a way that 
the dispersion, as it passes through the reactor, 
remains stable, ie. substantially no increase in buoble 
size occurs. 



The reactor of the invention is designed for 
maintaining a high but uniform shearing stress on the 
reaction fluid. On the one hand, it will withstand a 
high cross-sectional flow velocity without attrition of 
the catalyst. On the other, the reaction fluid is 
exposed to a uniformly high shearing stress in the 
metal fabric. This provides for uniform mixing of the 
reaction fluid and hence for a constant degree of 
dispersion of the reaction fluid as it passes through 
the reactor. 

The catalyst-coated metal fabric of the invention is a 
woven or knitted metal fabric. The wire diameter is 
generally in the range from 0.01 to 5.0 run, preferably 
from 0.04 to 1.0 mm. The mesh size may be varied within 
wide limits. 

These wovens or knits nay be coated by the process 
described in SP-B 0 564 830 (CA-A 2 090 930) or 
EP-A 0 965 334. EP-B 0 564 83C does not expressly 
describe the coating of metal knits with catalyst, but 
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they shal 



treated i: 



the same wa; 




woven metal 



fabrics. For the purposes of the prestnt invention, 
knitted metal fabrics are metal fabrics formed from one 
continuous metal thread. Woven metal fabrics, in 
5 contrast, are fabrics formed from at. least two metal 
threads . 

The coating of woven or knitted metal fabrics with 
catalysts may also be effected by conventional dip 
10 processes, fcr example according to the process 
described in EP-A C 056 435. 

If the metal forming the woven or knitted metal fabric 
is itself catalytically active (possibly after a 
15 treatment!, coating may be dispensed with entirely. 

Woven cr knitted metal fabrics may be used in the form 
of tapes. The catalyst-coated woven and knitted metal 
fabrics may be corrugated by means of a toothed wheel 

2C roll. The introduction of corrugated woven or knitted 
metal fabric in the reactor makes it possible to alter 
the packing density of the woven or knitted metal 
fabric. For instance, a plurality of layers of 
corrugated and smooth woven or knitted metal fabric may 

25 be introduced into the reactor space. Similarly, inert 
metal sheets may be inserted between layers of woven 
and knitted metal fabric. In any event, the catalyst- 
coated woven or knitted metal fabrics must be 
introduced in such a way that the reactor space is very 

30 uniformly packed between the heat-conducting walls. 
Uniform packing suppresses bypass formation and 
supports the conduction of heat to the heat-removing 
reactor wails, which in turn enable the reaction to be 
carried out under isothermal conditions. 



In a further embodiment, the dispersing element is a 
liquid jet gas compressor. These conventional 
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dispersing 



ins are jet pumps for 




Pr.veylng and 



compressing gases. 

In jet pumps, the jet cf driving liquid breaks up into 
5 individual droplets or. exit from the driving nozzle. 
These droplets become uniformly distributed across the 
cross section cf the mixing nozzle, entrain ambient gas 
by impact and friction and compress it to a higher 
pressure. The attainable degree of dispersion is 
10 determined by the setting of driving nozzle and 
diffuser. This in turn depends cn the pressure of the 
driving liquid, the suction pressure, the 
counterpressure, the flow of driving liquid, the gas 
suction stream and the mixture stream. 

In a further embodiment of the apparatus according to 
the invention, the reactor is constructed as a heat 
exchanger. The transmission of heat through the reactor 
wall is decisively increased when a fluid medium on the 

20 reactor wall surface facing away from the reactor space 
takes up the heat of reaction and carries it away. Such 
a heat exchanger reactor can be constructed as a plate 
type heat exchanger or as a spiral type heat exchanger. 
A plate type heat exchanger reactor according to the 

25 invention has an in particular square or rectangular 
reactor space which is subdivided by additional heat- 
conducting walls which force the reaction fluid to take 
a zigzag course through the reactor space. Where the 
change of direction is greatest no catalyst-coated 

30 woven or knitted metal fabric is used in order that an 
excessively large pressure drop may be avoided. A 
spiral type heat exchanger reactor according to the 
invention has an in particular cylindrical reactor 
space which is packed very uniformly with catalyst- 

35 coated woven or knitted metal fabrics. The wall spacing 
of the heat exchanger reactors of the invention is 
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preferably 1 to 30 mm, especially 2 to 2C mm, 

in particular frorr. 4 to 1C mm. 

The invention further provides a proces? for carrying 
out reactions involving a gaseous phase, a liquid phase 
and a solid phase, which comprises the steps of 

generating a reaction fluid by dispersing a gas 

phase ir. a liquid phase, 

passing the generated reaction fluid through a 
reactor whose reactor space is fitted with woven 
or knitted metal fabrics coated with catalyst, 
transferring the heat of reaction at the walls 
which bound the reactor space, and 

separating the reaction fluid into gas phase and 
liquid phase . 

The separating of the reaction fluid may be effected 
using conventional separators. 

The process is preferably carried out with the overall 
direction of flow of reaction fluid ir. the reactor 
being upward. 

A further embodiment of the process according to the 
invention is operated with separate partial recycling 
of gas phase and/or liquid phase. By separate partial 
recycling is meant that the reaction product is 
separated from the gas phase and/or from the liquid 
phase. The remaining gas and the remaining liquid may 
be completely or partially redispersed and fed back to 
the reactor. 

In a further embodiment of the process according to the 
invention, the superficial liquid velocity in the 
reactor is from 100 to 6C0 m 3 /(m J -h), preferably from 
150 to 300 mV(m 2 -h). The superficial liquid velocity is 
the volume flow of the liquid fraction of the 
dispersion at the reaction conditions (pressure and 
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temperature 1 




.vided by the cress-sec 




area of the 



reactor space perpendicularly to the ma .n flow axis. 
Since, as a result of woven or knitted metal fabrics 
being introduced, the reactor space is not available to 
5 the reaction fluid in its entirety, the actual 



correspondingly higher. 

In a further embodiment cf the process according to the 
10 invention, the superficial gas velocity is from 0.5 to 
15 cm/s, preferably from 2.5 tc "0 cm/s. The 
superficial gas velocity is herein defined similarly to 
the superficial liquid velocity. 

15 In a further embodiment of the process according to the 
invention, the reaction fluid in the reactor is under a 
pressure of from 0.1 to 20C bar, preferably from 1 to 
100 bar, especially from 1 to 10 bar. 

20 In a further embodiment of the process according to the 
invention, the reaction fluid in the reactor has a 
temperature cf from 25 to 250°C, preferably from 25 to 
200°C, in particular from 50 to 150°C. 

25 The invention will now be more particularly described 
with reference to Figures 1 to 4 . 



microscopic 



superficial 



liquid 



velocity 



is 



30 



Fig. 1 shows an apparatus for a three phase 
reaction with product recycling, cycle gas 
operation using a liquid jet gas compressor and a 
plate type heat exchanger reactor. 



35 



Fig. 2 shows an apparatus for a three phase 
reaction with product recycling, cycle gas 
operation using a liquid jet gas compressor and a 
spiral type heat exchanger reactor. 
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Fig. .^^iow3 a side view of the' 
spiral type heat exchanger reactor. 





'terior of a 



5 



Fig. 4 shows a side view of a spiral type heat 
exchanger reactor. 



Figs. 1 and 2 show an apparatus which, the metal fabric 
20 supported catalyst in the reactor 1 having been 
activated (for exarr.ple, by reduction with H 2 ), is filled 
10 with product liquid by using the circulating pump 21 to 
pump the liquid from the separator 10 via the optional 
preheater 16 and the feed line to the liquid jet gas 
compressor 5 to the liquid jet gas compressor 6 and 
from there to the heat exchanger reactor 1 and from it 
15 via the feed line tc the separator 9 back into the 
separator 10. Cycle gas is withdrawn from the separator 
10 via the feed line 11 and fed by means of the cycle 
gas pump 13 via the feed line to the liquid jet gas 
compressor 8 to the liquid jet gas compressor 6, where 
20 the gas is compressed and simultaneously dispersed in 
the liquid to form the reaction mixture. A sufficiently 
short feed line to reactor 7 such that the degree of 
dispersion of the reaction fluid does not substantially 
alter over this distance is used to feed the reaction 
25 fluid into the reactor 1. Once the circulation has been 
started up with product, the feed line to the liquid 
jet gas compressor 4 is used to .introduce reactant, and 
a constant fill level system on the separator 10 is 
used to withdraw a corresponding amount of product from 
30 the liquid circulation via the discharge line 14. Fresh 
gas to replace the reaction gas consumed is fed into 
the gas circulation via the feed line to the liquid jet 
gas compressor 17, with the pressure being maintained, 
and off-gas is withdrawn from the gas circulation via 
35 the off-gas line 12. In the case of exothermic 
reactions the heat of reaction is removed from the 
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reactor vi, 




ie cooling circulation sys. 




22, 



fhile in 



10 



15 



20 



25 



30 



the case of endcthermic reactions it is introduced. 

Fig, 3 shows a side view of a spiral type heat 
exchanger reactor according to the invention. 31 
identifies the feed for the reaction fluid into the 
reactor (reactor inlet). 32 identifies the reactor 
passage which will receive the catalyst-coated metal 
fabric, which will take up the entire space in more or 
less cense packing. 33 identifies the cooling passage, 
which is to receive the cooling fluid. 

Fig. 4 is a side view of a spiral type heat exchanger 
reactor and identifies the arrangement of the feed and 
discharge stubs. 41: reaction fluid feed (reactor 
inlet), 42: cooling fluid discharge, 43: reaction fluid 
discharge (reactor outlet), 44: cooling fluid feed. 
Reaction fluid and cooling fluid are her* arranged in 
countercurrent in order that the heat transfer may be 
maximized. If the amount of heat released at the 
reactor inlet specifically is critical with regard to, 
for example, selectivity and catalyst stability, then a 
cocurrent arrangement is advisable. 

The example hereinbelow illustrates the invention. 

Example 

The hydrogenaticn of benzene to cyclohexane has an 
exotherm of AH = -214 kJ/mol. 

The benzene hydrogenation product equilibrates to 
between cyclohexane and methylcyclopentane, unless the 
heat of reaction is removed and a relatively low 
temperature is maintained. 

Studies have also shown that the reaction is substrate- 
limited in that the low solubility of hydrogen in 
benzene and cyclohexane causes the reaction mixture to 
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deplete 




iolved H.2 along the cata. 




|layer. I' 



is 



10 



15 



20 



25 



therefore aavantageous to use the invention to improve 
the supply of dissolved hydrogen. 

The benzene hydrogenation process is carried out using 
an inventive apparatus as per Fig. 2, comprising a 
spiral type heat exchanger reactor as per Figures 3 and 
4. To this end, the reactor passage 5 mm in width, 
25 mrr. in depth and 96C mm in length (volure 120 mi) was 
packed with 8 plies of knitted catalyst fabric tape 
prepared by first heat-treating a knitted support tape 
of V2A stainless steel (Gerrr.ar. material number 1.4301 ) 
at 650°C for 3 h and then vacuum-coating it with 6 nm 
of platinum. The amount of active component was 46 mg . 
The catalyst-packed heat exchanger reactor was 
installed in the apparatus depicted in Fig. 3. After 
purging with nitrogen and reduction cf the catalyst 
with hydrogen at 6C C C for 2 h, benzene w.is pumped via 
the feed line 4 into the cyclohexane- f i 1 led liquid 
circulation system. The reaction parameters were 
p = 2C bar, T = 9C°C and a superficial liquid and 
hydrogen velocity of 400 m 3 /m 2 h. 

The temperature of the reaction product was measured at 
the reactor outlet. A maximum temperature difference of 
0.2°C was observed relative to the reaction temperature 
setting ■ 

A selectivity of 100% was obtained with 98% conversion. 
The space-time yield based on the volume of the reactor 
passage was 0.5 kg/(l-h). 
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We claim:- 

1. Apparatus for carrying out reaction:; involving a 
gaseous phase, a liquid phase and a solid phase, 
comprising 

- a dispersing element (6) for dispersing a gas 
phase in a liquid phase to generate a reaction 
fluid, 

at least one reactor (1) which possesses an 
inlet (3], 41), an outlet (43) and a reactor 
space bounded by heajt^_rejnoidjig_3ia lis which are 
spaced apart substantially uniformly along the 
main flow axis of the reaction fluid, and which 
is fitted with catalyst -coated metal fabric 
(20, 32), and 

a feed line (7) which routes the reaction fluid 
from the dispersing element (6) to the reactor 
inlet (31, 41) and is sufficiently short that 
the degree of dispersion of the reaction fluid 
does not substantially change in the course of 
the passage through the feed line. 

2. Apparatus as claimed in claim 1, wherein the metal 
fabric (20, 32) is woven metal fabric. 

3. Apparatus as claimed in claim 1, wherein the metal 
fabric (20, 32) is knitted metal fabric. 

4. Apparatus as claimed in claim 1, wherein the 
dispersing element (6) is a liquid jet gas 
compressor . 
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Appar, 




as claimed in claim 



♦ 



wherein the 



7 . 

10 

8. 

15 9. 

10. 

20 

11. 

25 
30 



reactcl^l) is constructed as a heat exchanger. 

Apparatus as claimed in claim 5, wherein the 
reactor (1) is constructed as a pi;ite type heat 
exchanger . 

Apparatus as claimed in claim 5, wherein the 
reactor (1) is constructed as a spiral type heat 
exchanger . 

Apparatus as claimed in claim 5, wherein the walls 
in the reactor are spaced from 1 to 30 mm apart. 

Apparatus as claimed in claim 5, wherein the walls 
in the reactor are spaced from 2 to 20 mm apart. 

Apparatus as claimed in claim 5, wherein the walls 
in the reactor are spaced from 4 to 10 mm apart. 

A process for carrying out reactions involving a 
gaseous phase, a liquid phase and a solid phase, 
which comprises the steps of 

generating a reaction fluid by dispersing a gas 
phase in a liquid phase, 

- passing the generated reaction fluid through a 
reactor whose reactor space is equipped with 
woven or knitted metal fabrics coated with 
catalyst, 

transferring the heat of reaction at the wails 
which bound the reactor space, and 

separating the reaction fluid into gas phase 
and liquid phase. 
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15 



12. A process as claimed in claim 11, operated with 
separate partial recycling of gas phase and/or 
liquid phase. 

13. A process as claimed in claim 11, wherein the 
superficial liquid velocity in the reactor i3 from 
100 to 600 m 3 / [m 2 -h) . 

14. A process as claimed in claim 11, wherein the 
superficial gas velocity is from 0.5 to 15 cm/s. 

15. A process as claimed in claim 11, wherein the 
reaction fluid in the reactor is under a pressure 
of from C . 1 to 200 bar. 

16. A process as claimed in claim 11, wherein the 
reaction fluid in the reactor has a temperature of 
from 25 to 250 6 C. 
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Abstract 



The invention relates to a process ar.d apparatus for 
the isotherr.ai operation of het e rogeneous ly catalyzed 
reactions involving at least three phases in the forn 
of a gaseous phase, a liquid phase and a solid phase. 
The invention provides apparatus for carrying out 
reactions involving a gaseous phase, a liquid phase and 
a solid phase, comprising (i) a dispersing element for 
dispersing a gas phase in a liquid phase to generate a 
reaction fluid, (li) at least one reactor which 
possesses an inlet, an outlet and a reactor space 
bounded by heat-removing walls which are spaced apart 
substantially uniformly along the main flow axis of the 
reaction fluid, and which is fitted with catalyst- 
coated metal fabric, and (iii) a feed line which routes 
the reaction fluid from the dispersing element to the 
reactor inlet and is sufficiently short that the degree 
of dispersion of the reaction fluid does not 
substantially change in the course of the passage 
through the feed line. 
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[57] ABSTRACT 
Cumene is produced in a catalytic distillation column 
reactor having an upper bed of Omega type molecular 
sieve catalyst and a lower bed of Y type molecular sieve 
catalyst. Benzene and propylene are reacted in the 
upper bed where the Omega type sieve is more selective 
to cumene that the Y type sieve. Part of the reaction 
mixture flows down the column to the Y bed where 
s with any unreacted propylene to pro- 
Additionally, benzene reacts with dipro- 
in the Y bed to produce more cumene. Cu- 
mene is recovered as bottoms product and unreacted 
benzene recovered as overheads where it may be re- 
turned as reflux to the column to control the mole ratio 
of benzene to propylene. 

22 Claims, 2 Drawing Sheets 
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ALKYLATION OF ORGANIC AROMATIC 
COMPOUNDS IN A DUAL BED SYSTEM 

BACKGROUND OF THE INVENTION 5 

1. Field of The Invention 

The present invention relates to a process for the 
alkylation of organic aromatic compounds. In particular 
the invention relates to the alkylation of benzene with 
propylene to produce cumene. More particularly the 10 
invention relates to a process for the concurrent alkyla- 
tion and distillation of reaction components (reactants 
and products) in a catalyst bed wherein the catalyst also 
serves as the distillation structure. Most particularly, 
the catalyst utilized is a dual bed of Omega and Y type 15 
molecular sieves. 

2. Related Art 

Recently a new method of carrying out catalytic 
reactions has been developed, wherein the components 
of the reaction system are concurrently separable by 20 
distillation, using the catalyst structures as the distilla- 
tion structures. Such systems are described variously in 
U.S. Pat. Nos. 4,215,011; 4,232,177; 4,242,530; 
4,302,356; 4,307,254; 4,336,407; 4,439,350; 4,443,559; 
and 4,482,775 commonly assigned herewith. 25 

Briefly, a structure described there is a cloth belt with 
a plurality of pockets spaced along the belt, which is 
then wound in a helix about a spacing material such as 
stainless steel knitted mesh. These units are then dis- 
posed in the distillation column reactor. In addition, 30 
commonly assigned U.S. Pat. Nos. 4,443,559 and 
4,250,052 disclose a variety of catalyst structures for 
this use and are incorporated herein. 

Ethylbenzene and cumene are currently produced by 
the reaction of benzene and the respective olefin, i.e., 35 
ethylene and propylene by acid catalysis. In some 
known processes the catalyst is highly corrosive and 
has a relatively short life, e.g., AICI3, H3PO4 on clay, 
BF3 on alumina, and others require periodic regenera- 
tion, e.g., molecular sieves. The exothermicity of the 40 
reaction and the tendency to produce polysubstituted 
benzene require low benzene conversions per pass with 
large volume recycle in conventional processes. Advan- 
tages of the present invention are that the catalysts are 
not highly corrosive and may not require periodic re- 45 
generation, the heat of reaction is used efficiently, only 
low volume is required and the feed ratios can approach 

A catalytic distillation process for the production of 
cumene is disclosed in co-pending U.S. patent applica- 50 
tion Ser. No. 07/122,485, where a single bed of either 
acid cation exchange resin or a type Y molecular sieve 
catalyst was used. 

The inventors herein have discovered a process for 
the alkylation of benzene with propylene that takes 55 
advantage of the higher selectivity of the Omega type 
sieves while reducing the amount of undesirable olefins 
in the cumene product. 

SUMMARY OF THE INVENTION ^ 
Briefly, the present invention is a process for the 
alkylation of benzene by contacting the benzene and 
propylene in a distillation column reactor containing a 
dual bed of molecular sieve catalyst in a reaction distil- 
lation zone thereby catalytically reacting the benzene 65 
and propylene to produce an cumene product and con- 
currently in said fixed bed fractionating the resultant 
cumene product from the unreacted materials. The 



2 

molecular sieve catalyst in each bed provides both the 
catalytic sites and the distillation sites. The cumene, 
having a higher boiling point, is withdrawn (rom the 
distillation column reactor at a point below the fixed 
bed and unreacted benzene and propylene (if any) may 
be taken off as an overhead. 

Specifically the two catalyst are arranged so that the 
initial reaction of propylene and benzene occurs in the 
Omega molecular sieve bed and a reaction mixture, 
corresponding to the mid reflux in a single bed catalytic 
reaction distillation system for the reaction, is directed 
to a type Y molecular sieve where the reaction is com- 
pleted. In other words reflux that would normally go 
back to the Omega bed instead goes to the type Y bed. 

The feed to the type Y bed may be characterized as 
containing benzene, cumene, isopropylene, dipropyl- 
benzene, tripropylbenzene, propylene dimers and other 
oligomers. Depending on the nature of the feed, there 
may be other materials present which may have some 
bearing on the long term or overall operation of the 
process, but are not of direct concern to the present 
invention. In addition to the apparent reaction of the 
dimers and/or other oligomers there is a degree of tran- 
salkylation occurring that favors the cumene produc- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic representation of a preferred 
embodiment of one species of the present invention for 
producing cumene with the catalysts in the reactor 
distillation column. 

FIG. 2 is a schematic representation of an alternative 
embodiment of one species of the present invention for 
producing cumene wherein the type Y catalyst is not in 
the reactor distillation column. 

DETAILED DESCRIPTION OF THE 
INVENTION 
The Omega type molecular sieve catalyst has been 
found to be more selective for the production of cu- 
mene than the type Y. However, the bottoms cumene 
product contains an unsatisfactory amount of heavier 
boiling olefins. This is believed to be due to the small 
pore size of the Omega catalyst as compared to the type 
Y sieve. The smaller pore size may not allow the dimer- 
ized propylene to react with the benzene, leaving it 
available to react with other propylene to produce the 
unwanted higher boiling olefins found in the cumene 
product. 

The dual bed system provides the additional advan- 
tage of carry over of benzene into the lower bed of Y 
sieve along with cumene and dimerized propylene. In 
that portion of the reactor the dimerized propylene can 
react with the benzene present and reduces the amount 
of unwanted heavier boiling olefins in the cumene prod- 
uct. Thus the higher yield of the Omega catalyst is 
obtained with reduced oligomerization. 

The molecular sieve catalyst packing is of such a 
nature as to allow vapor flow through the bed, yet 
provide a sufficient surface area for catalytic contact as 
described in the previously noted U.S. Pat. Nos. 
4,215,011 and 4,302,356 which are incorporated herein 
in their entirety. The two distinct beds are comprised of 
an Omega type molecular sieve and a Y type molecular 
sieve. The Omega sieve is disposed in the upper one- 
third to one-half of the distillation column reactor with 
the Y sieve occupying the lower portion of the reactor. 
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The propylene feed is added either below the lower 
bed of catalyst or between the two beds, but preferably 
between the two beds. The benzene is preferably added 
above the Omega sieve and may be conveniently added 
to the reflux as make-up or fed separately. In order to 5 
achieve high selectivity toward monosubstitution 
(which is a preferred aspect of the present invention), 
there is a large excess of benzene to propylene in the 
reactor in the range of 2 to 100 moles of benzene per 
mole of propylene. The net molar feed ratio of benzene 10 
to propylene may be close to 1:1, but the system is 
operated so as to maintain a substantial molar excess of 
benzene to propylene in the reaction zone. The cumene 
product is the highest boiling material and is separated 
in the lower portion of the column usually as bottoms. 15 
The benzene is the second highest boiling component 
(excluding inerts) as noted above, however, by operat- 
ing with a large excess of benzene, the major portion of 
the propylene is reacted, thereby reducing the separa- 
tion and recovery problems. 20 

The success of catalytic distillation lies in an under- 
standing of the principles associated with distillation. 
First, because the reaction is occurring concurrently 
with distillation, the initial reaction product is removed 
from the reaction zone as quickly as it is formed. The 25 
removal of the alkylation product minimizes polysubsti- 
tution and decomposition of the alkylation product. 
Second, because the benzene is boiling, the temperature 
of the reaction is controlled by the boiling point of that 
component at the system pressure. The heat of the reac- 30 
tion simply creates more boil up, but no increase in 
temperature. Third, the reaction has an increased driv- 
ing force because the reaction products have been re- 
moved and cannot contribute to a reverse reaction (Le 
Chatelier's Principle). 35 

As a result, a great deal of control over the rate of 
reaction and distribution of products can be achieved by 
regulating the system pressure. Also, adjusting the 
through-put (residence time a liquid hourly space veloc- 
ity) gives further control of product distribution and 40 
degree of olefin conversion. 

The temperature in the reactor is determined by the 
boiling point of the liquid mixture present at any given 
pressure. The temperature in the lower portions of the 
column will reflect the constitution of the material in 45 
that part of the column, which will be higher than the 
overhead; that is, at constant pressure a change in the 
temperature of the system indicates a change in the 
composition in the column. To change the temperature 
the pressure is changed. Temperature control in the 50 
reaction zone is thus controlled by the pressure; by 
increasing the pressure, the temperature in the system is 
increased, and vice versa. It can also be appreciated that 
in catalytic distillation as in any distillation there is both 
a liquid phase (internal reflux) and a vapor phase. Thus, 55 
the reactants are partially in liquid phase which allows 
for a more dense concentration of molecules for reac- 
tion, whereas, the concurrent fractionation separates 
product and unreacted materials, providing the benefits 
of a liquid phase system (and a vapor phase system) 60 
while avoiding the detriment of having all of the com- 
ponents of the reaction system continually in contact 
with the catalyst which would limit the conversion to 
the equilibrium of the reaction system components. 

Molecular sieves are porous crystalline, three-dimen- 65 
sional alumina-silicates of the zeolite mineral group. 
The crystal skeleton is composed of silicon and alumi- 
num atoms each surrounded by four oxygen atoms to 



form the crystalline structure. The term molecular sieve 
can be applied to both naturally occurring zeolites and 
synthetic zeolites. Naturally occurring zeolites have 
irregular pore size and are not generally considered as 
equivalent to synthetic zeolites. In the present inven- 
tion, however, naturally occurring zeolites are accept- 
able so long as they are substantially pure. The balance 
of the present discussion shall be directed to the syn- 
thetic zeolites with the understanding that natural zeo- 
lites are considered equivalent thereto as indicated 
above, i.e., in so far as the natural zeolites are the func- 
tional equivalents to the synthetic zeolites. 

Usually synthetic zeolites are prepared in the sodium 
form, that is, with a sodium cation in close proximity to 
each aluminum tetrahedron and balancing its charge. 
To date seven principal types of molecular sieves have 
been reported, A, X, Y, L, erionite, Omega and morden- 
ite. The A type have relative small pore size. By the 
term ore size is meant the effective pore size (diameter) 
rather than the free pore size (diameter). Types X and Y 
have larger pore size (approximately 10 A.) and differ as 
to the range of ratio of AI2O3 to Si02 as: 

Type X— AI2O3 /2.0-3.0 Si0 2 

Type Y— AI2O3/3.O-6.O Si0 2 

Type L and the other types listed have still higher 
ratios of Si02 to AI2O3. Of particular interest is the 
Omega type which has an Al 2 03 to Si02 ratio of 1:5 to 
1:12. 

The mole sieve catalysts employed in the present 
invention are the acid form mole sieves or exhibit acidic 
characteristics. The acid form of the mole sieves is 
commercially available, but also may be prepared by 
treating the mole sieves with acid to exchange Na for 
hydrogen. Another method to produce the acid form is 
to treat the mole sieve with decomposable cations (gen- 
erally ammonium ions) to replace Na with the decom- 
posable ions and thereafter to heat the mole sieve to 
decompose the cation leaving the acid form. Generally 
the Na form mole sieve is treated with ammonium hy- 
droxide to remove the Na and thereafter the mole sieve 
is heated to a temperature of about 350° C. to remove 
the ammonia. The removal of Na+ ions with NH+4 is 
more easily carried out than with multivalent ions as 
described below and these catalysts are generally more 
active, but less stable to heat than the multivalent cation 
exchange forms. Mole sieves, which have had their 
alkali metal reduced to low levels by partial treatment 
with NH+4 and partial multivalent metal cation ex- 
change, possess increased activity and increased stabil- 
ity. In addition to mole sieves which are acidic accord- 
ing to the Bronsted. Theory those mole sieves which 
exhibit acidic characteristics under the Lewis Theory, 
for example, calcium exchanged mole sieves, are suit- 
able for the present reaction. By exchanging the univa- 
lent cations (e.g.) Na+) with multivalent cations, strong 
ionic activity is imparted. The ratio of Si02= AI2O3 
Valence and radius of the cation and the extent of ex- 
change all affect the catalyst activity. In general activity 
increases with (1) increased Si02 AI2O3 ratio, (2) de- 
creased cation radius and an increase in cation valence. 
The effect of replacing univalent ions (e.g. Na+with 
bivalent (e.g. Ca++) is much greater than replacing the 
bivalent ions with cations of greater valence. 

The various types of mole sieves having reduced 
alkali metal content are characterized as the acid form 
molecular sieve and are all contemplated as useful in the 
present invention. 
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It would appear that the pore size within the crystal 
lattice may affect the selectivity. According to one 
theory of molecular sieve catalytic activity, zeolite 
catalysis occurs primarily inside the uniform crystal 
cavities, consequently zeolitic catalyst activity depends 
on the number of aluminum atoms in the crystal and 
thus on the chemical composition of the crystal. More- 
over, these catalytic sites are fixed within the rigid 
structure of the crystal, so that access to site can be 
altered by altering the structure of the crystal. 

The acid form mole sieves are generally produced 
and available as particles in the range of < 10 micron 
(powders) to 0.2 inch in diameter (beads). 

In this form the mole sieves form too compact a bed 
and will not function adequately in a distillation, since 
there is a very large pressure drop through the bed and 
the free flow of internal reflux and rising vapor is im- 
peded. Mole sieves in the shape of conventional distilla- 
tion structures, such as rings, saddles, and the like may 
be used in the present invention. The particulate mole 
sieves may be employed by enclosing them in a porous 
container such as cloth, screen wire or polymeric mesh. 
The material used to make the container must be inert to 
the reactants and conditions in the reaction system. The 
cloth may be any material which meets this requirement 
such as cotton, fiber glass, polyester, nylon and the like. 
The screen wire may be aluminum, steel, stainless steel 
and the like. The polymer mesh may be nylon, teflon or 
the like. The mesh or threads per inch of the material 
used to make the container is such that the catalyst is 
retained therein and will not pass through the openings 
in thermal aerial. Particles of about 0.15 mm size or 
powders may be used and particles up to about \ inch 
diameter may be employed in the containers. 

The container employed to hold the catalyst particles 
may have any configuration, such as the pockets dis- 
closed in the commonly assigned patents above or the 
container may be a single cylinder, sphere, doughnut, 
cube, tube or the like. 

Each container containing a solid catalytic material 
comprises a catalyst component. Each catalyst compo- 
nent is intimately associated with a spacing component 
which is comprised of at least 70 volume % open space 
up to about 95 volume % open space. This component 
may be rigid or resilient or a combination thereof. The 
combination of catalyst component and spacing compo- 
nent form the catalytic distillation structure. The total 
volume of open space for the catalytic distillation struc- 
ture should be at least 10 volume % and preferably at 
least 20 volume % up to about 65 volume %. Thus 
desirably the spacing component or material should 
comprise about 30 volume % of the catalytic distillation 
structure, preferably about 30 volume % to 70 volume 

Resilient materials are preferred. One suitable such 
material is open mesh knitted stainless wire, known 
generally as demister wire or an expanded aluminum. 
Other resilient components may be similar open mesh 
knitted polymeric filaments of nylon, teflon and the like. 
Other materials such as highly open structures foamed 
material, e.g., reticulated polyurethane foam (rigid or 
resilient) may be formed in place or applied around the 
catalyst component. In the case of larger catalyst com- 
ponents such as from about { inch to i pellets, spheres, 
pills and the like each such larger component may be 
individually intimately associated with or surrounded 
by the spacing component as described above. It is not 
essential that the spacing component entirely cover the 
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catalyst component. It is only necessary that the spacing 
component intimately associated with the catalyst com- 
ponent will act to space the various catalyst compo- 
nents away from one another as described above. Thus, 

5 the spacing component provides in effect a matrix of 
substantially open space in which the catalyst compo- 
nents are randomly but substantially evenly distributed. 

A preferred catalytic distillation structure for use 
herein comprises placing the mole sieve particles into a 

10 plurality of pockets in a cloth belt, which is supported in 
the distillation column reactor by open mesh knitted 
stainless steel wire by twisting the two together in a 
helical form. This allows the requisite flows and pre- 
vents loss of catalysts. The cloth may be any material 

15 which is inert in the reaction. Cotton or linen are useful, 
but fiber glass cloth or "Teflon" cloth are preferred. 

In the following examples the catalyst packing con- 
sisted of bags in the form of a fiber glass cloth belt 
approximately six inches wide with narrow pockets 

20 approximately i inch wide sewn across the belt. The 
pockets are spaced about i inch apart. These pockets 
are filled with the catalyst particles to form approxi- 
mately cylindrical containers, and the open ends are 
then sewn closed to confine the particles. This belt is 

25 then twisted into a helical form to fit inside the column. 
Twisted in with the belt is also a strip of an open mesh 
knitted stainless steel wire, which serves to separate the 
mole sieve filled cloth pockets and provide a passage for 
vapor flow. 

30 The wire mesh provides the support for the catalyst 
(belt) and provides some degree of vapor passage 
through the catalyst particles which otherwise form a 
very compact bed which has a high pressure drop. 
Thus, the down flowing liquid is in intimate contact 

35 with the rising vapors in the column. 

In commercial-scale operations, it is contemplated, 
catalyst packing would be made up of alternating layers 
of mole sieve filled cloth belts similar to the ones de- 
scribed above, and a spacing material which could be of 

40 any convenient, suitable substance, such as a corrugated 
wire screen or wire cloth or a knitted wire mesh. The 
layers would be arranged vertically or horizontally. For 
simplicity of fabrication and for better distribution of 
vapor flow passages, a vertical orientation is preferred. 

45 The height of a section of this packing should be of any 
convenient dimension, from a few inches to several feet. 
For ease of assembly and installation, the packing 
would be made into sections of the desired shape and 
size, each section fastened together with circumferential 

50 bands of tie wires depending on its size and shape. A 
complete assembly in a column would consist of several 
sections, arranged in layers, with possibly the orienta- 
tion of the catalyst-filled belts turned at right angles in 
successive layers to improve liquid and vapor flow 

55 distribution. 

The preferred arrangement of the two different type 
mole sieve beds is to have a lower bed of type Y filling 
the lower one-half to two-thirds of the column with the 
Omega sieve filling the remainder. Although in two 

60 distinct beds, the method described above would be 
applied to each bed. 

FIG. 1 illustrates one embodiment of the present 
invention. Referring to the drawing, distillation column 
reactor 10 is divided into two sections. In the lower 

65 section 7 the catalyst packing (catalytic distillation 
structures) are positioned as described. Linde molecular 
sieve LZ-Y82 1/16" (Union Cabide Corp.) is deposited 
in the pockets of fiber glass belts and formed in to a 
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helix with stainless steel mesh as described. In the upper 
section 12 Union Carbide Omega type sieve is likewise 
loaded into the reactor 10. Conventional distillation 
trays or structures 15 are positioned above and below 
the catalyst beds. 5 

The lower portion as well as the upper of the column 
may contain conventional distillation column structure 
(trays or inert packing) to achieve the desired final 
separation in the lower and upper sections of the col- 
umn. In the drawing the benzene is indicated to be 10 
introduced into the column 10 via flow line 2 into the 
upper bed 12 it may be conveniently added as makeup 
into reflux accumulator 11. The propylene is fed to the 
column via flow line 1 at about the mid point between 
the two catalyst beds 7 and 12 or below the lower cata- 15 
lyst bed (not shown) for better mixing. The propylene 
may also be fed at several points to reduce the concen- 
tration at any one location in the catalyst zone, thus 
reducing oligomerization as a side reaction. The reac- 
tion is exothermic and initiated by contacting the two 20 
reactants in the catalyst packing. Cumene is the princi- 
pal reaction product in the Omega bed 12, however 
dimerized propylene is also produced along with some 
dipropylbenzene. Since complete separation of the reac- 
tion products and benzene does not occur in the Omega 25 
bed 12, cumene, small amounts of propylene, dimerized 
propylene, dipropylbenzene (tripropylbenzene is also 
present) and benzene flow down the column into the Y 
bed where any propylene and the dimerized propylene 
may react with the benzene to produce additional cu- 30 
mene and prevent formation of undesired higher boiling 
olefins. Additionally, the dipropylbenzene is transalk- 
ylated with unreacted benzene to produce additional 
cumene. 

The cumene product is higher boiling than benzene 35 
and propylene and is recovered via flow line 8 as a 
bottoms product. The feed of propylene is adjusted 
such that there is a molar excess of benzene in the reac- 
tor, such that the overhead 5 is primarily benzene, the 
propylene having been almost totally reacted. In addi- 40 
tion to benzene and some propylene other lights go off 
overhead. The overhead is passed to condenser 13 
which is operated to condense substantially all of the 
benzene which passes via flow line 4 to accumulator 11 
and hence, by reflux via flow line 6 to column 10. The 45 
benzene used in the reaction and lost with the lights 
(which exit accumulator 11 via 3) is made up by fresh 
benzene feed through flow line 2 or alternatively to 
accumulator 4 through flow line 14. 

FIG. 2 shows the embodiment wherein the Omega 50 
catalyst is in the distillation reactor as described before, 
except that the type Y sieve is outside of the column. A 
portion (any amount up to 100%) of the mid-reflux of 
the column is removed via line 16 an passed through the 
type Y sieve then back via 17 to the lower portion of the 55 
column containing conventional distillation trays 15. 

Such conventional items as valves, reboilers, slip 
streams, etc. are not shown, but would be obvious expe- 
dients to those setting up such equipment. 

The mole ratio of benzene to propylene in the column 60 
may be in the range of 2 to 100:1, preferably 2 to 50:1 
and more desirably about 2 to 10:1. The greater the 
excess of benzene the more the selectivity to the mono- 
substituted product is improved. Alkylation is forced to 
completion, since the simultaneous and concurrent frac- 65 
tionation and removal of the alkylation product from 
the distillation column reactor does not allow the prod- 
ucts to contribute to the reverse reaction (Le Chatelier's 



Principle). However, very large molar excesses of ben- 
zene require a very high reflux ratio, and a low unit 
productivity. In this reaction the propylene is the most 
volatile component and it is desirable to react it rather 
than have some carried off overhead. The presence of 
propylene or other lower boiling olefin in the tower 
with benzene will result in a small but detectable tem- 
perature depression in the tower where such lower 
boiling olefins are present as entities and unreacted. As 
the propylene is reacted with benzene, the depressing 
effect is diminished and furthermore, the reaction, 
which is exothermic, also diminishes the effect. The 
magnitude of the temperature depression immediately 
above the propylene feed is a measure of the concentra- 
tion of propylene in the system, that is, the larger the 
concentration of the propylene, the greater the depres- 
sion of the temperature where the benzene and propy- 
lene are initially together and yet unreacted. For this 
particular system the concentration of propylene to 
provide a given temperature depression can be deter- 
mined and plotted. Thus, by maintaining a specific tem- 
perature at the point of maximum temperature depres- 
sion by adjusting the propylene feed, a given ratio of 
propylene to benzene can be maintained in a simple and 
expedient manner. More significantly, the maintenance 
of the depression at a given temperature can assure that 
substantially all of the propylene will be reacted prior to 
the end of the catalyst bed and overhead exit, if the 
corresponding propylene concentration has been deter- 
mined to produce that effect. 

The present alkylation reaction can be carried out at 
sub-through super atmospheric pressure, e.g., 0.20 to 40 
atmospheres. The temperature will vary depending on 
the reactants and product. Furthermore, the tempera- 
ture along the column will be as in any distillation col- 
umn, the highest temperature will be in the bottom and 
the temperature along the column will be the boiling 
point of the composition at that point in the column 
under the particular conditions of pressure. Moreover, 
the exothermic heat of reaction does not change the 
temperature in the column, but merely causes more boil 
up. However, the temperatures within the column with 
the above considerations in mind will generally be in 
the range of 50° C, e.g. 70° C. to 500° C. and more 
preferably in the range of about 80° C. to 300° C. at 
pressures of 0.5 to 20 atmospheres. 

In a preferred embodiment the alkylation reaction is 
carried out by increasing the liquid level in the reaction 
distillation zone containing the Omega type molecular 
sieve. This is achieved by a liquid flow restrictor be- 
tween the reaction distillation zone and the lower distil- 
lation zone. That is, the vapor from below may rise up 
to (and through) the reaction distillation zone as in a 
conventional or prior operation but a portion of the 
liquid is maintained there. If a single distillation column 
reactor is used, a conventional distillation tray with the 
downcomer area blocked is located between the reac- 
tion distillation zone and the distillation zone. A by pass 
line for liquid flow is provided about the tray and a 
valve is provided in the liquid flow conduit to restrict 
liquid downflow and thereby to build up a liquid level 
above that tray just below the catalyst bed. Alterna- 
tively a perforated plate may be used to support the 
catalyst and cause a liquid pressure drop in the column 
thus building up a level in the catalyst. If the two col- 
umn system is used, then a valve or other restriction 
means is placed in the liquid flow line between the two 
columns. 
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While the particular position of the liquid level has 
been described above to be at the lower end of the 
reaction distillation zone, it could just as easily be 
placed anywhere in the catalyst bed depending upon the 
desired reactions. 5 

The term "liquid level" is used herein to mean an 
increased density of the material in the reaction distilla- 
tion zone over that of a pure distillation as distinguished 
to a continuous liquid phase. The phase system as pres- 
ent in the reaction distillation zone is physically a froth. 10 
This is the result of the vapor traveling up through the 
liquid retained in the zone. 

Another way of viewing this is that in normal distilla- 
tion there is a vapor with liquid (internal reflux) trick- 
ling down through the vapor and contacting the cata- 15 
lyst whereas in the present "flooded" system the vapor 
is traveling up through a liquid phase to create the froth 
or foam. 

Hence in essence the benefits of the distillation are 
still obtained, i.e., separating the various components by 
the distillation whereas the increased liquid volume in 
contact with the catalyst improves the synthesis reac- 
tion. This method of operation is more fully described 
in commonly owned U.S. patent application Ser. No. 
07/328,487, which is incorporated herein by reference. 

EXAMPLE 1 

The reactor was a 3 inch diameter pilot distillation 
tower having a 29 foot section packed with molecular 3Q 
sieve catalyst contained in glass cloth pockets twisted 
with demister wire as described above. 

Two runs were carried out under substantially the 
same conditions using a Y type and Omega molecular 
sieve respectively. The results of the two runs are set 35 
out in Table I. Although the Omega catalyst showed 
better selectivity for cumene, the high content of olefin 
(indicated by the high bromine number) made the prod- 
uct commercially unacceptable. 

TABLE I 40 



10 

TABLE II 



Complete analysis of the feed and product are given 
in Table III below. The bromine number of the product 
was 4 which compares with the bromine number of 102 
obtained on tower bottoms when using the Omega sieve 

TABLE III 



EXAMPLE 2 



55 



Samples of the mid internal reflux from runs using the 
Omega sieve were collected and combined and fed over 
a Y-82 mole sieve catalyst (Linde) at 310° F. (LHSV 3 
to 1 1) in a | inch isothermal reactor (as represented by 
FIG. 2). Analysis by chromatography and bromine 60 
number indicated that the olefins were removed to an 
acceptable level by the use of the Y-82 catalyst. Bro- 
mine titration is an accepted indication of the amount of 
olefins in a liquid. The propylene remaining in the mid- 
reflux sample was reacted to produce more cumene, and 65 
high cumene/dipropylbenzene ratio was improved due 
to some transalkylation obtained with the Y-82 as 
shown in Table II below. 



DIPB 
DIPB 
DIPB 
TIPB 



0.192 
0.766 
0.052 



The invention claimed is: 

1. A process for the production of cumene by the 
alkylation of benzene with propylene comprising the 
steps of: 

(a) feeding a stream containing propylene into a distil- 
lation reactor column at a point below a bed of 
Omega molecular sieve catalyst prepared as distil- 

(b) feeding benzene into said distillation reactor col- 
umn at a point above said bed of Omega molecular 
sieve catalyst; 

(c) concurrently in said distillation reactor column: 

(1) reacting a portion of said propylene with said 
benzene within said bed of Omega molecular 
sieve catalyst to form a reaction mixture contain- 
ing cumene, unreacted benzene, unreacted prop- 
ylene and other reaction products, said other 
reaction products including dipropylbenzene 
and dimerized propylene, and 

(2) fractionally distilling said reaction mixture 
within said bed of Omega molecular sieve cata- 
lyst to partially separate said cumene from said 
unreacted benzene, said unreacted propylene 
and said other reaction products forming a liquid 
phase containing cumene, unreacted benzene, 
unreacted propylene and other reaction prod- 
ucts, and a gaseous phase substantially free of 
said cumene; 

(d) contacting said liquid phase with a bed of zeolite 
Y molecular sieve catalyst to preferentially react 
said unreacted benzene contained therein with said 
unreacted propylene and propylene dimer and said 
dipropylbenzene contained therein to form addi- 
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(e) after contact with said zeolite Y molecular sieve 7. The process of claim 4 wherein a portion said unre- 

catalysts, fractionally distilling said liquid phase in acted benzene is condensed and returned to said distilla- 

said distillation reactor column into said bed of tion column reactor at a point above said upper bed of 

Omega molecular sieve catalyst; Omega molecular sieve catalyst as reflux. 

(0 withdrawing cumene from a point below said bed 5 8. The process of claim 7 wherein make up benzene is 

of Omega molecular sieve catalyst; and added to said distillation column reactor in a molar ratio 

(g) withdrawing unreacted benzene and unreacted of benzene to propylene of 1:1 and a molar excess of 

propylene at a point above said bed of Omega benzene to propylene is maintained by said reflux, 

molecular sieve catalyst. ^ e P rocess of claim 8 wherein said make up ben- 

2. The process according to claim 1 wherein said 10 zen « isadded to said reflux, 

zeolite Y molecular sieve catalyst is positioned in said 10.Thepr^essofclami4wherein thetem^raturein 

distillation reactor column below said Omega molecular "Pf r of Omega molecular sieve catalyst at the 

sieve catalyst and adapted to serve a distillation struc- ?° lnt of ^ Propylene feed is the boiling point of said 

ture r benzene at the operating pressure of said distillation 

3 The process according to claim 1 wherein said 15 ^TheTrocess of claim 5 wherein 2 to 100 moles of 

f !l I- m ° lecular sleve catalyst 15 P° sltloned ° utslde benzene per mole of propylene are present, 

of said distillation reactor column. 1Z ^ process of claim u wherein from 2 t0 50 

4. A process for the alkylation of benzene with propy- mo]es of ben zene per mole of propylene are present, 

lene to produce cumene in a distillation reactor column 13 . The proce ss of claim 12 wherein from 2 to 10 

having an upper bed of Omega molecular sieve catalyst iu mo les of benzene per mole of propylene are present, 

and a lower bed of Y zeolite molecular sieve catalyst, 14. The process of claim 4 wherein the operating 

comprising the steps of: pressure in said distillation column reactor is in the 

(a) feeding a stream containing propylene into said range of 0.5 to 20 atmospheres. 

distillation reactor column at a point below said 15. The process of claim 14 wherein the temperature 

bed of Omega molecular sieve catalyst; is in the range of 80* to 300° C. 

(b) concurrently feeding benzene into said distillation 16. The process according to claim 1 wherein the 
reactor column at a point above said bed of Omega downward flow of internal reflux is restricted at se- 
molecular sieve catalyst; lected points in said reaction distillation zone to main- 

(c) concurrently in said distillation reactor column: , 0 tain a liquid level above the restriction for additional 

(1) reacting a portion of said propylene with said contact and reaction of the liquid and distillation vapors 
benzene within said bed of Omega molecular with the Omega molecular sieve catalyst. 

sieve catalyst to form a reaction mixture contain- 17 ■ 1116 process according to claim 2 wherein the 
ing cumene, unreacted benzene, unreacted prop- downward flow of internal reflux is restricted at se- 
ylene and other reaction products, said other lected P oints in ^ reaction distillation zone to main- 
reaction products including dipropylbenzene tain a lk J uid leve } ^ve the restriction for additional 
and dimerized propylene, contact and reaction of the liquid and distillation vapors 

(2) fractionally distilling said reaction mixture with the Omega molecular sieve catalyst. 

within said bed of Omega molecular sieve cata- J 18 - ^ Process according to claim 3 wherein the 

lyst to partially separate said cumene from said m d ™nward flow of internal reflux IS restncted at se- 

unreacted benzene, said unreacted propylene ected points m said reaction distillation zone to main- 

and said other reaction products forming a liquid taln a ^ ^f 1 abo f v « the Ie f tn f° n t *° r addltlonal 

phase containing cumene, unreacted benzene, con * a f* a " d reaction of the liquid and distillation vapors 

unreacted propylene and other reaction pro^ with the Omega molecular sieve catalyst 

t j u u s 11 c c The process according to claim 4 wherein the 
ucts, and a gaseous phase substantially free of 45 downward P flow of internal g reflux is restricted at se- 



. .... .. , . . ... 1 , lected points in said reaction distillation zone to main- 

(3) contacting said liquid phase with said lower bed ^ a £ ^ ^ ^ ^ restri ction for additional 
of zeolite Y molecular s.eye catalyst to preferen- contact ^ reaction of the l; jd and distiUation va 
tally react said unreacted benzene contained wkh tne Qm molecular sieve catal t . 

therein with said unreacted propylene and prop- 50 20 . The process according to claim 7 wherein the 
ylene dimer and said dipropylbenzene contained downward flow of internal reflux is rest ricted at se- 
therem to form additional cumene, and lected ^ in said reaction distiUation zone t0 main . 

(4) fractionally chstilling said liquid phase m said tain a liquid level above the restriction for additional 
lower bed of zeolite Y molecular sieve catalyst contact and reac tion of the liquid and distillation vapors 
to separate any unreacted benzene contained 55 with the Omega molecular sieve catalyst. 

therein as a vapor back up said distillation reac- 2 1. The process according to claim 8 wherein the 
tor column into said upper bed of Omega molec- downward flow of internal reflux is restricted at se- 
ular sieve catalyst; lected points in said reaction distillation zone to main- 

(d) withdrawing cumene from a point below said tain a liquid level above the restriction for additional 
lower bed of zeolite Y molecular sieve catalyst; and 60 contact and reaction of the liquid and distillation vapors 

(e) withdrawing unreacted benzene and unreacted with the Omega molecular sieve catalyst, 
propylene at a point above said upper bed of 22. The process according to claim 11 wherein the 
Omega type molecular sieve catalyst. downward flow of internal reflux is restricted at se- 

5. The process of claim 4 wherein there is a molar lected points in said reaction distillation zone to main- 
excess of said benzene to said propylene in said distilla- 65 tain a liquid level above the restriction for additional 
tion column reactor. contact and reaction of the liquid and distillation vapors 

6. The process of claim 5 wherein substantially all of with the Omega molecular sieve catalyst, 
said propylene is reacted with said benzene. * * * * * 
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